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        ʅ34 

 

 

 

ʇʨʝʜʩʝʜʘʪʝʣʴ ʨʝʜʢʦʣʣʝʛʠʠ: 

ɼʤʠʪʨʠʝʚʘ ʅʘʪʘʣʴʷ ɺʠʪʘʣʴʝʚʥʘ ï ʜ-ʨ ʧʩʠʭʦʣ. ʥʘʫʢ, ʢʘʥʜ. ʤʝʜ. ʥʘʫʢ, ʧʨʦʬ., 

ʘʢʘʜʝʤʠʢ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʧʝʜʘʛʦʛʠʯʝʩʢʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ, ʚʨʘʯ-

ʧʩʠʭʦʪʝʨʘʧʝʚʪ, ʯʣʝʥ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʡ ʧʩʠʭʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʣʠʛʠ. 

 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

ɸʭʤʝʜʥʘʙʠʝʚ ʈʘʩʫʣ ʄʘʛʦʤʝʜʦʚʠʯ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮ. ʇʦʣʪʘʚʩʢʦʛʦ 

ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʖ. ʂʦʥʜʨʘʪʶʢʘ; 

ɸʭʤʝʪʦʚ ʉʘʡʨʘʥʙʝʢ ʄʘʭʩʫʪʦʚʠʯ ï ʜ-ʨ ʪʝʭʥ. ʥʘʫʢ, ʧʨʦʬ., ʘʢʘʜʝʤʠʢ 

ʅʘʮʠʦʥʘʣʴʥʦʡ ʠʥʞʝʥʝʨʥʦʡ ʘʢʘʜʝʤʠʠ ʈʂ ʠ ʈɸɽʅ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ çʄʝʭʘʥʠʢʘè 

ɽʚʨʘʟʠʡʩʢʦʛʦ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʃ.ʅ. ɻʫʤʠʣʝʚʘ, ʨʫʢʦʚʦʜʠʪʝʣʴ 

ʂʘʟʘʭʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ (ʛ. ɸʩʪʘʥʘ) ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʰʢʦʣʳ ʫʩʪʦʡʯʠʚʦʛʦ 

ʨʘʟʚʠʪʠʷ ʠʤ. ʘʢ. ʇ.ɻ. ʂʫʟʥʝʮʦʚʘ; 

ɽʣʠʩʝʝʚ ɼʤʠʪʨʠʡ ɺʠʢʪʦʨʦʚʠʯ ï ʢʘʥʜ. ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, ʙʠʟʥʝʩ-ʢʦʥʩʫʣʴʪʘʥʪ 

ɸʢʘʜʝʤʠʠ ʤʝʥʝʜʞʤʝʥʪʘ ʠ ʨʳʥʢʘ, ʚʝʜʫʱʠʡ ʢʦʥʩʫʣʴʪʘʥʪ ʧʦ ʩʪʨʘʪʝʛʠʠ ʠ ʙʠʟʥʝʩ-

ʧʨʦʮʝʩʩʘʤ, çʂʦʥʩʘʣʪʠʥʛʦʚʘʷ ʬʠʨʤʘ çʇʘʨʪʥʝʨʳ ʠ ɹʦʨʦʚʢʦʚè. 

 

 

 

ʅ34 çʅʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ XXI ʩʪʦʣʝʪʠʷ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠè: 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ CXII ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ. ï ʅʦʚʦʩʠʙʠʨʩʢ: ʀʟʜ. ʆʆʆ çʉʠʙɸʂè. ï 

2022. ï ˉ 4(111) / [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ] ï ʈʝʞʠʤ ʜʦʩʪʫʧʘ. ï 

URL: https://sibac.info/archive/technic/4(111).pdf  

 

 

 

ʕʣʝʢʪʨʦʥʥʳʡ ʩʙʦʨʥʠʢ ʩʪʘʪʝʡ ʧʦ ʤʘʪʝʨʠʘʣʘʤ CXII ʩʪʫʜʝʥʯʝʩʢʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ XXI ʩʪʦʣʝʪʠʷ. 

ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠè ʦʪʨʘʞʘʝʪ ʨʝʟʫʣʴʪʘʪʳ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʨʘʟʣʠʯʥʳʭ ʰʢʦʣ ʠ ʥʘʧʨʘʚʣʝʥʠʡ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ.  

ɼʘʥʥʦʝ ʠʟʜʘʥʠʝ ʙʫʜʝʪ ʧʦʣʝʟʥʦ ʤʘʛʠʩʪʨʘʤ, ʩʪʫʜʝʥʪʘʤ, ʠʩʩʣʝʜʦʚʘʪʝʣʷʤ ʠ ʚʩʝʤ 

ʠʥʪʝʨʝʩʫʶʱʠʤʩʷ ʘʢʪʫʘʣʴʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʠ ʪʝʥʜʝʥʮʠʷʤʠ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʡ ʥʘʫʢʠ.  

ʉʪʘʪʴʠ ʩʙʦʨʥʠʢʘ çʅʘʫʯʥʦʝ ʩʦʦʙʱʝʩʪʚʦ ʩʪʫʜʝʥʪʦʚ. ʊʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠè 

ʨʘʟʤʝʱʘʶʪʩʷ ʥʘ ʩʘʡʪʝ ʥʘʫʯʥʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʙʠʙʣʠʦʪʝʢʠ eLIBRARY.RU. 
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ʆʛʣʘʚʣʝʥʠʝ  

ʉʝʢʮʠʷ çɸʨʭʠʪʝʢʪʫʨʘ, ʩʪʨʦʠʪʝʣʴʩʪʚʦè 6 

ʌʆʈʄʀʈʆɺɸʅʀɽ ʉʄɽʊʅʆʁ ʉʊʆʀʄʆʉʊʀ ʆɹʒɽʂʊɸ 
ʂɸʇʀʊɸʃʔʅʆɻʆ ʉʊʈʆʀʊɽʃʔʉʊɺɸ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 
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ɸʅɸʃʀɿ ʋʗɿɺʀʄʆʉʊɽʁ ʉʀʉʊɽʄ  
ʈɸʉʇʆɿʅɸɺɸʅʀʗ ʃʀʎ 
ɻʫʜʢʦʚ ʈʦʤʘʥ ɽʚʛʝʥʴʝʚʠʯ 
ʄʦʩʢʘʣʝʚʘ ʉʚʝʪʣʘʥʘ ʉʪʘʥʠʩʣʘʚʦʚʥʘ 

10 

ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɽ ʀʉʉʃɽɼʆɺɸʅʀɽ 
ʇʈʆɻʈɸʄʄʅʓʍ ʉʈɽɼʉʊɺ ʂʆʄʇʔʖʊɽʈʅʆɻʆ 
ʐʀʌʈʆɺɸʅʀʗ 
ɽʨʰʦʚʘ ɸʥʘʩʪʘʩʠʷ ɸʥʜʨʝʝʚʥʘ 
ʇʘʮʶʢ ɸʣʝʢʩʘʥʜʨ ɼʤʠʪʨʠʝʚʠʯ 

16 

ɸʅɸʃʀɿ ʇʈʆʀɿɺʆɼʀʊɽʃʔʅʆʉʊʀ ʉʋɹɼ ʇʈʀ ʈɸɹʆʊɽ  
ʉ ɹʆʃʔʐʀʄʀ ʆɹʒɽʄɸʄʀ ɼɸʅʅʓʍ 
ɾʠʛʘʜʣʦʚʘ ɸʣʠʥʘ ɺʷʯʝʩʣʘʚʦʚʥʘ 
ʅʦʩʦʚʘ ʄʘʨʠʷ ɻʝʥʥʘʜʴʝʚʥʘ 

24 
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28 
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ʃʦʨʝʥʮ ɼʤʠʪʨʠʡ ɺʘʜʠʤʦʚʠʯ 
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ʈʘʟʨʘʙʦʪʢʘ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʚʘʞʥʘʷ, ʠ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʦʙʦʩʦʙʣʝʥʥʘʷ, ʯʘʩʪʴ ʮʠʬʨʦʚʠʟʘʮʠʠ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ (BIM) ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʩʢʦʨʠʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʘʚʪʦ-

ʤʘʪʠʟʘʮʠʠ ʪʘʢʠʭ ʜʝʡʩʪʚʠʡ ʢʘʢ ʩʙʦʨ, ʫʧʦʨʷʜʦʯʠʚʘʥʠʝ ʠ ʘʥʘʣʠʟ ʠʥʬʦʨʤʘʮʠʠ. ʇʨʠ 

ʢʦʨʨʝʢʪʥʦ ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʵʪʠʭ ʧʨʦ-

ʮʝʩʩʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʚʪʦʤʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʥʘ 

ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ. 

ʇʨʠ ʨʘʙʦʪʝ ʥʘ ʦʩʥʦʚʝ BIM ʪʝʭʥʦʣʦʛʠʠ ʝʜʠʥʩʪʚʝʥʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʧʦʣʫʯʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ï ʥʘʩʳʱʝʥʥʘʷ ʜʘʥʥʳʤʠ 3D 

ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ, ʦʙʲʝʜʠʥʷʶʱʘʷ ʚʩʝ ʝʛʦ ʨʘʟʜʝʣʳ. ʆʩʥʦʚʥʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ 

ʪʘʢʦʡ ʤʦʜʝʣʠ ʩʦʜʝʨʞʠʪʩʷ ʚ ʚʠʜʝ ʩʠʩʪʝʤʳ ʠʝʨʘʨʭʠʯʝʩʢʠ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʧʨʦʮʝʩʩʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʤʦʜʝʣʠ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ BIM ʩʤʝʪʳ ï ʩʤʝʪʳ, ʚ ʦʩʥʦʚʫ ʢʦʪʦʨʦʡ ʣʦʞʘʪʩʷ ʜʘʥʥʳʝ 

ʠʟ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʧʨʦʜʫʢʪʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʦʠʟʚʝʜʝʥ ʦʙʟʦʨ ʩʦʩʪʘʚʣʝʥʠʷ ʩʤʝʪʳ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʛʨʘʤʤʳ Autodesk Revit ʠ ɸɺʉ-ʩʤʝʪʳ. 

ʂʨʦʤʝ ʚʦʟʤʦʞʥʦʩʪʝʡ ʧʦ ʥʘʟʥʘʯʝʥʠʶ ʩʤʝʪʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʘʤ BIM-

ʤʦʜʝʣʠ ʧʣʘʛʠʥʳ ɸɺʉ ʧʦʟʚʦʣʷʶʪ ʵʢʩʧʦʨʪʠʨʦʚʘʪʴ ʠʟ ʚʩʝʭ BIM-ʩʠʩʪʝʤ ʩʚʝʜʝʥʠʷ 

ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʩʤʝʪ ʚ ʝʜʠʥʦʤ ʦʪʢʨʳʪʦʤ ʬʦʨʤʘʪʝ. ʀʤʝʥʥʦ ʵʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʩʦʙʠʨʘʪʴ ʩʤʝʪʥʳʝ ʩʚʝʜʝʥʠʷ ʚ ʝʜʠʥʦʡ ʩʨʝʜʝ ʠ ʚʳʧʫʩʢʘʪʴ ʝʜʠʥʳʡ ʢʦʤʧʣʝʢʪ ʩʤʝʪʥʦʡ 

ʜʦʢʫʤʝʥʪʘʮʠʠ ʧʦ ʚʩʝʤ ʨʘʟʜʝʣʘʤ ʚʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ BIM-ʩʠʩʪʝʤʝ 

ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʧʨʦʝʢʪ. 

ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 5D-ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1. 
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ʈʠʩʫʥʦʢ 1. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ 5D-ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

 

ʌʦʨʤʠʨʦʚʘʥʠʝ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ ʩʦʩʪʦʠʪ ʠʟ ʩʣʝʜʫʶʱʠʭ ʵʪʘʧʦʚ: 

ʇʝʨʚʳʤ ʵʪʘʧʦʤ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ BIM-ʩʤʝʪ ʷʚʣʷʝʪʩʷ ʢʘʯʝʩʪʚʝʥʥʘʷ ʧʨʦʨʘʙʦʪʢʘ 

ʨʘʟʜʝʣʦʚ ʠ ʧʦʜʛʦʪʦʚʢʘ 3D-ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Autodesk Revit. 

ɺʪʦʨʳʤ ʵʪʘʧʦʤ ʷʚʣʷʝʪʩʷ ʚʳʙʦʨ ʵʣʝʤʝʥʪʦʚ (ʚʩʝʭ ʠʣʠ ʥʝʩʢʦʣʴʢʠʭ) ʧʨʦʝʢ-

ʪʠʨʫʝʤʦʛʦ ʦʙʲʝʢʪʘ ʚ ʧʨʦʛʨʘʤʤʝ Autodesk Revit, ʠ ʧʝʨʝʜʘʯʘ ʠʥʬʦʨʤʘʮʠʠ ʦ ʥʠʭ ʚ 

ʤʦʜʫʣʴ ʥʘʟʥʘʯʝʥʠʷ ʩʤʝʪʥʳʭ ʥʦʨʤ ʢʥʦʧʢʦʡ çʅʘʟʥʘʯʠʪʴ ʥʦʨʤʳè. 

ʊʨʝʪʴʠʤ ʵʪʘʧʦʤ ʥʝʦʙʭʦʜʠʤʦ ʚʳʧʦʣʥʠʪʴ ʧʨʠʚʷʟʢʫ ʩʤʝʪʥʳʭ ʥʦʨʤ ʢ 

ʢʦʥʢʨʝʪʥʳʤ ʵʣʝʤʝʥʪʘʤ ʤʦʜʝʣʠ. 

ʏʝʪʚʝʨʪʳʡ ʵʪʘʧ ï ʠʤʧʦʨʪʠʨʦʚʘʥʠʝ ʧʦʣʫʯʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʩʤʝʪʥʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ ʚ ʩʤʝʪʥʫʶ ʧʨʦʛʨʘʤʤʫ ʜʣʷ ʩʦʩʪʘʚʣʝʥʠʷ ʩʤʝʪʥʳʭ ʨʘʩʯʝʪʦʚ ʠ ʦʬʦʨʤ-

ʣʝʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʇʨʠ ʚʥʝʩʝʥʠʠ ʠʟʤʝʥʝʥʠʡ ʚ 3D-ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ Autodesk Revit ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʝʨʝʩʯʠʪʘʝʪ ʦʙʲʝʤ ʨʘʙʦʪ, ʠʟʤʝʥʝʥʠʷ, ʢʘʩʘʶʱʠʝʩʷ ʢʦʥʩʪʨʫʢʪʠʚʥʳʭ ʨʝʰʝʥʠʡ 

ʚʦʟʤʦʞʥʦ ʧʨʦʩʤʦʪʨʝʪʴ ʩ ʧʦʤʦʱʴʶ ʢʥʦʧʢʠ çʇʦʢʘʟʘʪʴ ʠʟʤʝʥʝʥʠʷè ʠ ʧʦʚʪʦʨʥʦ 

ʚʳʧʦʣʥʠʪʴ ʧʨʠʚʷʟʢʫ ʩʤʝʪʥʳʭ ʥʦʨʤ. ʉʨʦʢ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʤʝʪʥʦʡ ʜʦʢʫʤʝʥʪʘʮʠʠ 

ʩʦʢʨʘʱʘʝʪʩʷ ʥʘʧʦʣʦʚʠʥʫ ʚ ʦʪʣʠʯʠʠ ʦʪ ʪʨʘʜʠʮʠʦʥʥʦʡ ʩʭʝʤʳ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ. 

ʆʮʝʥʢʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʥʝʜʨʝʥʠʷ ʠ ʧʨʠʤʝʥʝʥʠʷ ʪʝʭʥʦʣʦʛʠʡ ʠʥʬʦʨʤʘʮʠʦʥ-

ʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʩʤʝʪʥʫʶ ʜʦʢʫʤʝʥʪʘʮʠʶ ʙʳʣʘ ʧʨʦʠʟʚʝʜʝʥʘ ʥʘ ʦʩʥʦʚʘʥʠʠ 

ʘʥʘʣʠʟʘ ʜʦʢʫʤʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʭ ʉʄʀ ʠ ʤʘʪʝʨʠʘʣʦʚ ʚʳʩʪʫʧʣʝʥʠʡ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʦʨʛʘʥʠʟʘʮʠʡ ʥʘ ʢʦʥʬʝʨʝʥʮʠʷʭ ʠ ʧʨʦʯʠʭ ʤʝʨʦʧʨʠʷʪʠʷʭ. 
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ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ: 

¶ ʩʦʢʨʘʱʝʥʠʝ ʜʣʠʪʝʣʴʥʦʩʪʠ ʵʪʘʧʘ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʜʦ 30%; 

¶ ʩʦʢʨʘʱʝʥʠʝ ʩʨʦʢʦʚ ʧʦʜʩʯʝʪʘ ʦʙʲʝʤʦʚ ʩʪʨʦʠʪʝʣʴʥʳʭ ʨʘʙʦʪ ʠ ʧʦʩʣʝʜʫʶ-

ʱʝʡ ʢʦʨʨʝʢʪʠʨʦʚʢʠ ʩʤʝʪʥʳʭ ʨʘʩʯʝʪʦʚ ʚ 2-3 ʨʘʟʘ; 

¶ ʧʦʚʳʰʝʥʠʝ ʪʦʯʥʦʩʪʠ ʩʤʝʪʥʳʭ ʨʘʩʯʝʪʦʚ, ʩʥʠʞʝʥʠʝ ʩʨʝʜʥʝʡ ʚʝʣʠʯʠʥʳ 

ʦʰʠʙʢʠ ʚ ʦʮʝʥʢʝ ʦʙʱʝʡ ʩʪʦʠʤʦʩʪʠ ʧʨʦʝʢʪʘ ʜʦ 2%; 

¶ ʩʥʠʞʝʥʠʝ ʟʘʪʨʘʪ ʥʘ ʵʪʘʧʝ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʦʙʲʝʢʪʘ ʜʦ 30%. 

ʇʦʜʚʦʜʷ ʠʪʦʛ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʩʩʤʦʪʨʝʥʥʳʡ ʧʨʠʥʮʠʧ 5D-

ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʪʴ ʧʨʦʮʝʩʩ ʨʘʟʨʘʙʦʪʢʠ ʩʤʝʪʥʦʡ ʜʦʢʫ-

ʤʝʥʪʘʮʠʠ ʥʘ ʦʩʥʦʚʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ, ʘ ʪʘʢʞʝ ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʚʦʟʤʦʞ-

ʥʦʩʪʴ ʫʧʨʘʚʣʝʥʠʷ ʩʪʨʦʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʞʠʟʥʝʥʥʦʛʦ ʮʠʢʣʘ 

ʦʙʲʝʢʪʘ. ɺʘʞʥʦ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʪʨʝʙʦʚʘʥʠʷʤʠ ʇʦʩʪʘʥʦʚʣʝʥʠʷ 

ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʦʪ 05.03.2021 ˉ 331 çʆʙ ʫʩʪʘʥʦʚʣʝʥʠʠ 

ʩʣʫʯʘʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʟʘʩʪʨʦʡʱʠʢʦʤ, ʪʝʭʥʠʯʝʩʢʠʤ ʟʘʢʘʟʯʠʢʦʤ, ʣʠʮʦʤ, ʦʙʝʩʧʝ-

ʯʠʚʘʶʱʠʤ ʠʣʠ ʦʩʫʱʝʩʪʚʣʷʶʱʠʤ ʧʦʜʛʦʪʦʚʢʫ ʦʙʦʩʥʦʚʘʥʠʷ ʠʥʚʝʩʪʠʮʠʡ, ʠ (ʣʠʮʦʤ, 

ʦʪʚʝʪʩʪʚʝʥʥʳʤ ʟʘ ʵʢʩʧʣʫʘʪʘʮʠʶ ʦʙʲʝʢʪʘ ʢʘʧʠʪʘʣʴʥʦʛʦ ʩʪʨʦʠʪʝʣʴʩʪʚʘ, ʦʙʝʩʧʝʯʠ-

ʚʘʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝ ʠ ʚʝʜʝʥʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʢʘʧʠʪʘʣʴʥʦʛʦ 

ʩʪʨʦʠʪʝʣʴʩʪʚʘè ʟʘʜʘʝʪʩʷ ʥʦʚʳʡ ʚʝʢʪʦʨ ʨʘʟʚʠʪʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ 

ʚ ʩʪʨʦʠʪʝʣʴʩʪʚʝ. 
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ɸʅʅʆʊɸʎʀʗ 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʘʥʘʣʠʟ ʧʨʦʙʣʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʦʙʨʘʟʦʚ ʣʠʮʘ, ʩʦʚʨʝʤʝʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ.  

ɺ ʨʘʙʦʪʝ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʛʣʘʚ, ʩʦʜʝʨʞʘʱʠʭ ʠʟʚʝʩʪʥʳʝ ʧʨʦʙʣʝʤʳ ʪʝʭʥʦʣʦʛʠʠ 

ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. 
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ABSTRACT 

The purpose of this paper is to analyze the problems of facial pattern recognition, 

modern face recognition systems.  

The paper consists of three chapters containing known problems of face 

recognition technology. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ, ʧʦʠʩʢ ʣʠʮʘ, ʧʦʠʩʢ ʣʠʯʥʦʩʪʠ, faceid, 

ʙʠʦʤʝʪʨʠʷ. 

Keywords: face recognition, face search, identity search, faceid, biometrics. 

 

ɺʚʝʜʝʥʠʝ 

ɿʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʠʣʝʪʠʷ ʧʨʦʚʦʜʠʪʩʷ ʤʥʦʞʝʩʪʚʦ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦ 

ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʲʝʢʪʦʚ, ʩʦʧʦʩʪʘʚʣʝʥʠʶ ʬʦʨʤ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʶ ʦʙʨʘʟʦʚ ʚ 

ʦʙʣʘʩʪʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʟʨʝʥʠʷ. ɺ ʥʘʰʝʡ ʧʦʚʩʝʜʥʝʚʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʜʦʩʪʫʧʝʥ 

ʨʷʜ ʙʠʦʤʝʪʨʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʶʜʝʡ, ʪʘʢʠʭ ʢʘʢ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʝ ʛʣʘʟ ʠʣʠ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯʢʠ ʛʣʘʟʘ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʦʪʧʝʯʘʪʢʦʚ 

ʧʘʣʴʮʝʚ, ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ. ʉʙʝʨ ʚʥʝʜʨʠʣ ʩʠʩʪʝʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʚ ʩʚʦʠ 

ʙʘʥʢʦʤʘʪʳ ʠ ʥʝʢʦʪʦʨʳʝ ʪʝʨʤʠʥʘʣʳ ʦʧʣʘʪʳ, Apple ʠʩʧʦʣʴʟʫʝʪ çFace IDè ʜʣʷ 

ʨʘʟʙʣʦʢʠʨʦʚʢʠ ʩʤʘʨʪʬʦʥʘ, ʦʧʣʘʪʳ ʧʦʢʫʧʦʢ ʠ ʙʣʦʢʠʨʦʚʢʠ ʧʨʠʣʦʞʝʥʠʡ ʠ Samsung 

ʠʩʧʦʣʴʟʦʚʘʣ ʨʘʟʙʣʦʢʠʨʦʚʢʫ ʧʦ ʨʘʜʫʞʥʦʡ ʦʙʦʣʦʯʢʝ ʛʣʘʟʘ. ʊʦ, ʯʪʦ ʢʦʛʜʘ-ʪʦ 

ʥʘʯʠʥʘʣʦʩʴ ʢʘʢ ʘʪʨʠʙʫʪ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʥʘʫʯʥʦ-ʬʘʥʪʘʩʪʠʯʝʩʢʠʭ ʬʠʣʴʤʦʚ, 

ʪʝʧʝʨʴ ʷʚʣʷʝʪʩʷ ʯʘʩʪʴʶ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ: ʤʳ ʧʦʣʘʛʘʝʤʩʷ ʥʘ ʨʘʩʧʦʟʥʘʚʘʥʠʝ 

ʣʠʮ ʢʘʞʜʳʡ ʨʘʟ, ʢʦʛʜʘ ʨʘʟʙʣʦʢʠʨʫʝʤ ʥʘʰʠ ʪʝʣʝʬʦʥʳ. ʎʠʬʨʳ ʪʦʣʴʢʦ ʜʦʢʘʟʳʚʘʶʪ 

ʧʦʚʩʝʤʝʩʪʥʳʡ ʭʘʨʘʢʪʝʨ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ. ɺ 2020 ʛʦʜʫ ʤʠʨʦʚʦʡ ʨʳʥʦʢ ʧʨʦ-

ʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʦʮʝʥʠʚʘʣʩʷ ʚ 4 ʤʠʣʣʠʘʨʜʘ ʜʦʣ-

ʣʘʨʦʚ, ʠ ʦʞʠʜʘʝʪʩʷ, ʯʪʦ ʦʥ ʜʦʩʪʠʛʥʝʪ ʦʪʤʝʪʢʠ ʚ 13 ʤʠʣʣʠʘʨʜʦʚ ʜʦʣʣʘʨʦʚ ʢ 2026 

ʛʦʜʫ, ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʚ ʩʨʝʜʥʝʛʦʜʦʚʦʡ ʪʝʤʧ ʨʦʩʪʘ ʧʨʠʤʝʨʥʦ ʥʘ 20 %. ʅʘʨʷʜʫ ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʦʙʲʝʤʘ ʨʳʥʢʘ, ʘʣʛʦʨʠʪʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʩʪʘʥʦʚʷʪʩʷ ʚʩʝ ʙʦʣʝʝ 

ʩʣʦʞʥʳʤʠ. ʇʦʩʣʝ ʚʩʧʳʰʢʠ COVID-19 ʧʦʩʪʘʚʱʠʢʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʦʙʥʦʚʠʣʠ ʩʚʦʠ ʘʣʛʦʨʠʪʤʳ ʥʦʚʳʤʠ ʬʫʥʢʮʠʷʤʠ, ʪʘʢʠʤʠ 
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ʢʘʢ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʩ ʤʘʩʢʦʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʦʜʥʘʢʦ, ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʷ ʣʠʮ ʧʦʜʚʝʨʛʣʘʩʴ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʵʪʠʯʝʩʢʠʤ ʧʨʦʙʣʝʤʘʤ. 

ʃʠʮʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʯʘʩʪʴʶ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʙʳʪʠʷ ʠ ʪʨʝʙʫʝʪ ʦʙʥʘʨʫʞʝʥʠʷ 

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʣʦʞʝʥʠʡ, ʪʘʢʠʭ ʢʘʢ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʩʫʜʝʙʥʦʝ ʨʘʩʩʣʝʜʦʚʘʥʠʝ. 

ʕʪʦ ʪʨʝʙʫʝʪ ʥʘʜʣʝʞʘʱʠʭ ʤʝʪʦʜʦʚ ʦʙʥʘʨʫʞʝʥʠʷ ʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʯʝʣʦʚʝʢʘ ʩ 

ʧʨʦʙʣʝʤʘʤʠ ʨʘʟʣʠʯʥʳʭ ʚʳʨʘʞʝʥʠʡ ʣʠʮʘ, ʚʘʨʠʘʮʠʡ ʧʦʟʳ, ʦʢʢʣʶʟʠʠ, ʩʪʘʨʝʥʠʷ ʠ 

ʨʘʟʨʝʰʝʥʠʷ ʣʠʙʦ ʚ ʢʘʜʨʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʦʙʲʝʢʪʘ, ʣʠʙʦ ʚ ʚʠʜʝʦ ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʠ ʠʟʦʙʨʘʞʝʥʠʡ. ɸʚʪʦʨʳ ʘʣʛʦʨʠʪʤʦʚ ʧʦʧʳʪʘʣʠʩʴ ʚʚʝʩʪʠ ʧʦʥʷʪʠʝ ʩʠʥʪʝʟʘ 

ʣʠʮʘ, ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʪʦʯʥʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʙʘʟʘʭ 

ʜʘʥʥʳʭ. 

ʇʨʦʙʣʝʤʳ ʩʠʩʪʝʤ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ 

ɼʚʫʤʷ ʙʦʣʴʰʠʤʠ ʪʝʩʪʘʤʠ ʩʠʩʪʝʤʳ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʪʦʯʥʦʩʪʴ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ. ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʜʦʩʪʠʛʘʝʪ ʫʨʦʚʥʝʡ ʪʦʯʥʦʩʪʠ, ʯʪʦʙʳ ʢʦʥʢʫʨʠʨʦ-

ʚʘʪʴ ʩ ʣʶʙʳʤ ʜʨʫʛʠʤ ʙʠʦʤʝʪʨʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ. ʅʦ ʤʦʞʥʦ ʣʠ ʦʙʤʘʥʫʪʴ ʥʦʚʳʝ 

ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠʣʠ ʦʥʠ ʤʦʛʫʪ ʟʘʱʠʪʠʪʴ ʩʝʙʷ ʦʪ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʚ, 

çʢʨʘʜʫʱʠʭè ʣʠʮʘ ʣʶʜʝʡ? ʂʘʢ ʤʳ ʫʩʪʘʥʦʚʠʣʠ, ʣʠʮʦ ï ʵʪʦ ʥʝ çʩʝʢʨʝʪè. ʅʘʧʨʦʪʠʚ, 

ʦʯʝʥʴ ʣʝʛʢʦ ʥʘʡʪʠ ʣʠʮʦ ʯʝʣʦʚʝʢʘ ʚ ʵʧʦʭʫ ʦʙʤʝʥʘ ʬʦʪʦʛʨʘʬʠʷʤʠ. ʇʨʠ ʩʙʦʨʝ 

ʜʘʥʥʳʭ ʠʟ ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʥʦʚʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʷʚʣʷʶʪʩʷ ʥʝʧʦʣʥʦʪʘ ʠ 

ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʴ ʠʥʬʦʨʤʘʮʠʠ. ɼʣʷ ʠʭ ʨʝʰʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦ ʩʦʙʠʨʘʪʴ ʠʥʬʦʨʤʘʮʠʶ 

ʠʟ ʤʥʦʞʝʩʪʚʘ ʨʘʟʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʯʪʦ ʫʚʝʣʠʯʠʪ ʪʦʯʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʆʰʠʙʢʠ ʠʜʝʥʪʠʬʠʢʘʮʠʠ 

ʊʝʭʥʦʣʦʛʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʥʝ ʚʩʝʛʜʘ ʨʘʙʦʪʘʝʪ ʪʘʢ ʭʦʨʦʰʦ, ʢʘʢ ʜʦʣʞʥʘ. 

ʉʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʤʦʛʫʪ ʙʳʪʴ ʟʘʪʨʦʥʫʪʳ ʧʣʦʭʠʤ ʦʩʚʝʱʝʥʠʝʤ ʠʣʠ 

ʥʠʟʢʠʤ ʢʘʯʝʩʪʚʦʤ ʠʟʦʙʨʘʞʝʥʠʷ. ɼʘʥʥʳʝ ʤʦʛʫʪ ʥʝ ʩʦʚʧʘʜʘʪʴ ʩ ʫʟʣʦʚʳʤʠ ʪʦʯʢʘʤʠ 

ʯʝʣʦʚʝʢʘ ʠʟ-ʟʘ ʩʢʨʳʪʳʭ ʫʛʣʦʚ ʢʘʤʝʨʳ; ʵʪʦ ʩʦʟʜʘʝʪ ʦʰʠʙʢʫ, ʢʦʛʜʘ ʩʦʧʦʩʪʘʚʣʝʥʠʝ 

ʦʪʧʝʯʘʪʢʦʚ ʣʠʮ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʧʨʦʚʝʨʝʥʦ ʚ ʙʘʟʝ ʜʘʥʥʳʭ. 

ʂʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʴ 

ʇʨʦʙʣʝʤʳ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʩʫʱʝʩʪʚʫʶʪ ʩ ʪʝʭʥʦʣʦʛʠʝʡ ʨʘʩʧʦʟʥʘʚʘʥʠʷ 

ʣʠʮ ʠʟ-ʟʘ ʩʧʦʩʦʙʥʦʩʪʠ ʚʳʷʚʣʷʪʴ ʠ ʦʪʩʣʝʞʠʚʘʪʴ ʤʝʩʪʦʥʘʭʦʞʜʝʥʠʝ, ʯʪʦ ʤʦʞʝʪ 
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ʧʨʝʜʩʪʘʚʣʷʪʴ ʩʦʙʦʡ ʚʪʦʨʞʝʥʠʝ ʚ ʧʨʘʚʘ. ʊʝʭʥʦʣʦʛʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʤʦʞʝʪ 

ʦʪʩʣʝʞʠʚʘʪʴ ʣʶʜʝʡ, ʯʪʦ ʙʝʩʧʦʢʦʠʪ ʣʶʜʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʳʝ ʫʪʝʯʢʠ 

ʜʘʥʥʳʭ ʩʣʠʰʢʦʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʥʘʰʠ ʜʥʠ, ʠ ʣʠʯʥʘʷ ʠʥʬʦʨʤʘʮʠʷ, ʢʦʪʦʨʫʶ 

ʩʦʙʠʨʘʝʪ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʥʝ ʟʘʩʪʨʘʭʦʚʘʥʘ. 

ɿʣʦʫʧʦʪʨʝʙʣʝʥʠʝ ʜʘʥʥʳʤʠ 

ʍʦʪʷ ʪʝʭʥʦʣʦʛʠʷ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʜʝʩʷ-

ʪʠʣʝʪʠʡ, ʥʝʜʦʚʝʨʠʝ ʠʩʭʦʜʠʪ ʦʪ ʪʦʛʦ, ʢʘʢ ʜʘʥʥʳʝ ʙʫʜʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʵʪʠʯʥʦ. 

ʈʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʦ ʢ ʩʥʷʪʳʤ ʚʠʜʝʦʤʘʪʝʨʠʘʣʘʤ ʦʙʱʝʩʪ-

ʚʝʥʥʳʭ ʠ ʯʘʩʪʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚ. ʉʪʦʨʦʥʥʠʢʠ ʢʦʥʬʠʜʝʥʮʠʘʣʴʥʦʩʪʠ ʧʨʦʜʦʣʞʘʶʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʪʦ ʢʘʢ ʚʪʦʨʞʝʥʠʝ ʚ ʯʘʩʪʥʫʶ ʞʠʟʥʴ, ʧʦʪʦʤʫ ʯʪʦ ʤʥʦʛʠʝ ʦʨʛʘ-

ʥʠʟʘʮʠʠ ʥʝ ʠʤʝʶʪ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʠ ʧʨʠ ʫʪʝʯʢʝ ʜʘʥʥʳʭ. 

ʇʨʠʥʫʜʠʪʝʣʴʥʦʝ ʠʣʠ ʪʘʡʥʦʝ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ 

ɽʩʣʠ ʟʣʦʫʤʳʰʣʝʥʥʠʢʠ ʥʝ ʤʦʛʫʪ ʧʦʜʜʝʣʘʪʴ ʣʠʮʦ, ʦʥʠ ʤʦʛʫʪ ʧʨʠʥʫʜʠʪʝʣʴʥʦ 

ʚʳʧʦʣʥʠʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʶ. ʅʘʧʨʠʤʝʨ, ʦʥʠ ʤʦʛʫʪ ʜʝʨʞʘʪʴ ʪʝʣʝʬʦʥ ʫ ʣʠʮʘ 

ʚʣʘʜʝʣʴʮʘ ʚʦ ʚʨʝʤʷ ʩʥʘ ʠʣʠ ʟʘʩʪʘʚʠʪʴ ʝʛʦ ʨʘʟʙʣʦʢʠʨʦʚʘʪʴ ʧʨʠʥʫʜʠʪʝʣʴʥʦ. 

ʂʨʘʞʘ ʯʠʩʣʦʚʦʛʦ ʢʦʜʘ 

ɽʩʣʠ ʢʘʞʜʳʡ ʰʘʙʣʦʥ ʣʠʮʘ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʮʠʬʨʦʚʦʡ ʢʦʜ ʧʝʨʝʜ ʩʦʧʦʩʪʘʚ-

ʣʝʥʠʝʤ, ʧʨʝʩʪʫʧʥʠʢ ʫʢʨʘʜʝʪ ʢʦʜʳ ʠ ʚʦʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʦʨʳʩʪʥʳʭ ʮʝʣʷʭ. ʋʩʦʚʝʨ-

ʰʝʥʩʪʚʦʚʘʥʥʳʡ ʠ ʙʦʣʝʝ ʠʥʪʝʣʣʝʢʪʫʘʣʴʥʳʡ ʧʦʜʭʦʜ ʢ ʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʤʫ ʠʥʪʝʨ-

ʬʝʡʩʫ ʫʩʣʦʞʥʠʣʠ ʭʘʢʝʨʘʤ ʨʘʙʦʪʫ. ʆʙʥʘʨʫʞʝʥʠʝ çʞʠʚʦʩʪʠ ʣʠʮʘè ï ʣʫʯʰʘʷ ʟʘʱʠʪʘ 

ʦʪ ʧʦʜʜʝʣʢʠ ʬʦʪʦʛʨʘʬʠʡ. 3D-ʩʢʘʥʠʨʦʚʘʥʠʝ ʧʦʤʦʛʘʝʪ, ʘ ʥʝʢʦʪʦʨʳʝ ʩʠʩʪʝʤʳ ʪʨʝ-

ʙʫʁʪ, ʯʪʦʙʳ ʩʫʙʲʝʢʪʳ ʤʠʛʘʣʠ ʚʦ ʚʨʝʤʷ ʥʘʩʪʨʦʡʢʠ, ʯʪʦʙʳ ʫʢʘʟʘʪʴ ʥʘ ʠʭ ʝʩʪʝʩʪ-

ʚʝʥʥʦʩʪʴ. ɽʱʝ ʦʜʥʦʡ ʨʘʟʫʤʥʦʡ ʤʝʨʦʡ ʷʚʣʷʝʪʩʷ ʧʦʜʜʝʨʞʢʘ ʨʘʟʣʠʯʥʳʭ ʫʨʦʚʥʝʡ 

ʙʝʟʦʧʘʩʥʦʩʪʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʮʝʥʘʨʠʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɺ ʩʮʝʥʘʨʠʷʭ ʩ ʥʠʟʢʠʤ 

ʨʠʩʢʦʤ ʤʦʞʝʪ ʙʳʪʴ ʧʦʜʭʦʜʷʱʠʤ ʪʦʣʴʢʦ ʨʘʩʧʦʟʥʘʚʘʥʠʝ ʣʠʮ. ʅʦ ʪʘʤ, ʛʜʝ ʨʠʩʢ 

ʚʳʩʦʢ, ʩʠʩʪʝʤʘ ʤʦʞʝʪ ʧʦʪʨʝʙʦʚʘʪʴ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ, ʪʘʢʦʡ 

ʢʘʢ ʧʘʨʦʣʴ ʠ ʦʪʧʝʯʘʪʦʢ ʧʘʣʴʮʘ. 

ʇʨʦʠʟʚʦʜʠʪʝʣʠ ʠ ʨʘʟʨʘʙʦʪʯʠʢʠ ʘʣʛʦʨʠʪʤʦʚ ʧʦʩʪʘʚʣʷʶʪ ʩʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘ-

ʚʘʥʠʷ ʣʠʮ ʩ ʧʝʨʝʤʝʥʥʳʤʠ ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʩʣʦʞʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, 
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ʜʣʷ ʨʘʟʥʳʭ ʩʮʝʥʘʨʠʝʚ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʧʨʠʣʦʞʝʥʠʡ. ʆʥʠ ʩʥʠʞʘʶʪ ʪʦʯʥʦʩʪʴ ʠ 

ʫʚʝʣʠʯʠʚʘʶʪ ʩʢʦʨʦʩʪʴ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ ʚ ʫʤʥʳʭ ʜʦʤʘʭ, ʛʜʝ ʝʩʪʴ ʥʝʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʙʘʥʢʦʚ, ʛʜʝ ʠʜʝʥʪʠʬʠʮʠʨʫʶʪ ʙʦʣʴʰʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʦʣʴʟʦʚʘʪʝʣʝʡ. ʇʨʠʚʝʜʫ ʚ ʧʨʠʤʝʨ ʩʠʩʪʝʤʫ ʨʘʩʧʦʟʥʘʚʘʥʠʷ ʣʠʮ ʥʘ 

ʫʩʪʨʦʡʩʪʚʘʭ Apple. ɺ ʪʦ ʚʨʝʤʷ, ʢʦʛʜʘ ʣʠʮʦ ʯʝʣʦʚʝʢʘ ʤʦʞʝʪ ʨʘʟʙʣʦʢʠʨʦʚʘʪʴ 

iPhone, ʘ ʜʣʷ ʦʪʢʨʳʪʠʷ ʙʦʣʝʝ ʟʘʱʠʱʝʥʥʳʭ ʧʨʠʣʦʞʝʥʠʡ ʪʨʝʙʫʝʪʩʷ ʩʢʘʥʠʨʦʚʘʥʠʝ 

ʣʠʮʘ ʠ PIN-ʢʦʜ. 

ʍʦʨʦʰʘʷ ʟʘʱʠʪʘ ʦʪ ʩʙʦʨʘ ʜʘʥʥʳʭ ʣʠʮʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦʙʳ ʠʟʙʝʞʘʪʴ 

ʠʭ ʭʨʘʥʝʥʠʷ ʚ ʮʝʥʪʨʘʣʴʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ. ɺʦʪ ʧʦʯʝʤʫ ʤʥʦʛʠʝ ʩʠʩʪʝʤʳ ʭʨʘʥʷʪ 

ʮʠʬʨʦʚʦʡ ʢʦʜ ʣʦʢʘʣʴʥʦ, ʚʥʫʪʨʠ ʙʝʟʦʧʘʩʥʦʛʦ ʘʥʢʣʘʚʘ ʚ ʩʘʤʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʅʘ-

ʧʨʠʤʝʨ, ʚ ʪʝʣʝʬʦʥʝ ʚʩʪʨʦʝʥʥʳʡ ʙʝʟʦʧʘʩʥʳʡ ʵʣʝʤʝʥʪ ï ʵʪʦ ʟʘʱʠʱʝʥʥʳʡ ʦʪ 

ʥʝʩʘʥʢʮʠʦʥʠʨʦʚʘʥʥʦʛʦ ʜʦʩʪʫʧʘ ʯʠʧ-ʙʝʟʦʧʘʩʥʦʩʪʠ. ɼʦʩʪʫʧ ʢ ʥʝʤʫ ʤʦʞʥʦ ʧʦʣʫ-

ʯʠʪʴ ʪʦʣʴʢʦ ʧʨʠ ʥʘʣʠʯʠʠ ʩʪʨʦʛʦʡ ʘʫʪʝʥʪʠʬʠʢʘʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʯʠʧ-ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʥʠʢʦʛʜʘ ʥʝ ʜʝʣʠʪʩʷ ʢʦʜʦʤ ʣʠʮʘ ʩ ʧʨʠʣʦʞʝʥʠʝʤ. ɺʤʝʩʪʦ ʵʪʦʛʦ, ʝʩʣʠ ʩʣʫʞʙʘ ʭʦʯʝʪ 

ʫʙʝʜʠʪʴʩʷ, ʯʪʦ ʧʦʣʴʟʦʚʘʪʝʣʴ ʷʚʣʷʝʪʩʷ ʧʦʜʣʠʥʥʳʤ, ʦʥʘ ʧʨʦʩʪʦ ʧʦʣʫʯʘʝʪ ʦʪʚʝʪ ï 

ʜʘ ʠʣʠ ʥʝʪ. 

ɿʘʢʣʶʯʝʥʠʝ 

ʏʝʣʦʚʝʯʝʩʢʘʷ ʩʧʦʩʦʙʥʦʩʪʴ ʨʘʩʧʦʟʥʘʚʘʪʴ ʣʠʮʘ ʧʦʨʘʟʠʪʝʣʴʥʘ. ʄʳ ʨʘʩʧʦʟʥʘʝʤ 

ʪʳʩʷʯʠ ʣʠʮ, ʠʟʫʯʝʥʥʳʭ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʥʘʰʝʡ ʞʠʟʥʠ, ʠ ʫʟʥʘʝʤ ʟʥʘʢʦʤʳʝ ʣʠʮʘ ʩ 

ʧʝʨʚʦʛʦ ʚʟʛʣʷʜʘ ʜʘʞʝ ʧʦʩʣʝ ʜʝʩʷʪʠ ʣʝʪ ʨʘʟʣʫʢʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʠʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ 

ʚ ʚʠʟʫʘʣʴʥʳʭ ʘʩʧʝʢʪʘʭ ʠʟ-ʟʘ ʫʩʣʦʚʠʡ ʧʨʦʩʤʦʪʨʘ, ʚʳʨʘʞʝʥʠʷ ʣʠʮʘ, ʩʪʘʨʝʥʠʷ ʠ 

ʦʪʚʣʝʢʘʶʱʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʦʯʢʠ ʠʣʠ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʠʯʝʩʢʘʭ ʠʣʠ ʚʦʣʦʩʘʭ 

ʥʘ ʣʠʮʝ. ʉʠʩʪʝʤʳ ʨʘʩʧʦʟʥʘʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʤʝʪʦʜʘʭ ʨʘʩ-

ʧʦʟʥʘʚʘʥʠʷ ʣʠʮ, ʥʦ ʥʝ ʨʘʚʥʳʝ ʯʝʣʦʚʝʯʝʩʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʨʘʩʧʦʟʥʘʚʘʪʴ ʣʠʮʘ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʙʝʩʢʦʥʝʯʥʦʝ ʯʠʩʣʦ ʚʘʨʠʘʮʠʡ ʚʥʝʰʥʝʛʦ ʚʠʜʘ, ʢʦʪʦʨʳʝ ʣʠʮʦ ʠʤʝʝʪ ʚʦ 

ʚʨʝʤʷ ʨʘʟʣʠʯʥʳʭ ʩʠʪʫʘʮʠʡ ʚ ʞʠʟʥʠ. 
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ɸʅʅʆʊɸʎʀʗ 

ʇʨʦʚʝʜʝʥ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʥʘ 

ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʫʚʝʣʠʯʝʥʠʷ ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʠ 

ʰʠʬʨʦʚʘʥʠʷ-ʜʝʰʠʬʨʦʚʘʥʠʷ. 

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʧʨʦʛʨʘʤʤ ʢʦʤʧʴʶʪʝʨʥʦʛʦ 

ʰʠʬʨʦʚʘʥʠʷ ʚ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʷʭ ʠ ʚ ʙʳʪʫ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʠʥʬʦʨʤʘʮʠʦʥʥʘʷ ʙʝʟʦʧʘʩʥʦʩʪʴ, ʰʠʬʨʦʚʘʥʠʝ, ʩʢʦʨʦʩʪʴ 

ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. 

 

ɺʩʝ ʣʶʙʷʪ ʨʘʟʛʘʜʳʚʘʪʴ ʜʨʫʛʠʭ, 
ʥʦ ʥʠʢʪʦ ʥʝ ʣʶʙʠʪ ʙʳʪʴ ʨʘʟʛʘʜʘʥʥʳʤ. 

ʌʨʘʥʩʫʘ ʃʘʨʦʰʬʫʢʦ 

 

ɺʚʝʜʝʥʠʝ 

ʉʫʱʝʩʪʚʫʝʪ ʜʚʘ ʚʠʜʘ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʬʦʨʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʢʦʪʦʨʳʝ ʦʪʣʠʯʘʶʪʩʷ ʩʚʦʠʤʠ ʮʝʣʷʤʠ ï ʵʪʦ ʢʦʜʠʨʦʚʘʥʠʝ ʠ ʰʠʬʨʦʚʘʥʠʝ [1]. 
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ʎʝʣʴ ʢʦʜʠʨʦʚʘʥʠʷ ï ʧʨʠʜʘʪʴ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʧʦʣʝʟ-

ʥʳʝ ʩʚʦʡʩʪʚʘ: ʥʘʧʨʠʤʝʨ, ʩʦʢʨʘʱʝʥʠʝ ʪʨʝʙʫʝʤʦʛʦ ʦʙʲʝʤʘ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʥʦʩʠʪʝʣʷ 

(ʘʨʭʠʚʠʨʦʚʘʥʠʝ) ʠʣʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʧʦʤʝʭʘʤ ʚ ʢʘʥʘʣʝ ʩʚʷʟʠ (ʢʦʜʠʨʦʚʘʥʠʝ ʩ 

ʦʙʥʘʨʫʞʝʥʠʝʤ ʠ ʠʩʧʨʘʚʣʝʥʠʝʤ ʦʰʠʙʦʢ). 

ʎʝʣʴ ʰʠʬʨʦʚʘʥʠʷ ï ʩʢʨʳʪʠʝ ʩʝʤʘʥʪʠʯʝʩʢʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʠʥʬʦʨʤʘʮʠʠ, ʚ 

ʩʣʫʯʘʝ ʧʝʨʝʭʚʘʪʘ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ ʤʘʪʝʨʠʘʣʴʥʦʛʦ ʥʦʩʠʪʝʣʷ [1]. 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʦʚʨʝʤʝʥʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ 

ʩʨʝʜʩʪʚ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʩʤʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠ ʧʦʣʫʯʝʥʠʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ 

ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ. 

ʆʙʱʠʝ ʧʦʣʦʞʝʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʚ ʩʚʷʟʠ ʩʦ ʚʩʝʦʙʱʝʡ ʢʦʤʧʴʶʪʝʨʠʟʘʮʠʝʡ, ʧʨʦʮʝʩʩ ʰʠʬ-

ʨʦʚʘʥʠʷ-ʜʝʰʠʬʨʦʚʘʥʠʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ ʠ ʚʳʧʦʣʥʷʝʪʩʷ ʩʧʝʮʠʘʣʴʥʳʤʠ ʧʨʦ-

ʛʨʘʤʤʘʤʠ. 

ɺʩʝ ʚʠʜʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʛʨʫʧʧʳ (ʨʠʩ. 1): 

¶ ʰʠʬʨʦʚʘʥʠʝ ʪʨʘʬʠʢʘ (ʥʘʧʨʠʤʝʨ, ʧʨʦʪʦʢʦʣ HTTPS); 

¶ ʰʠʬʨʦʚʘʥʠʝ ʬʘʡʣʦʚ, ʧʘʧʦʢ, ʘʨʭʠʚʦʚ (ʥʘʧʨʠʤʝʨ, ʧʨʠ ʧʝʨʝʩʳʣʢʝ ʠʣʠ ʭʨʘ-

ʥʝʥʠʠ); 

¶ ʰʠʬʨʦʚʘʥʠʝ ʫʩʪʨʦʡʩʪʚ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʚʥʫʪʨʝʥʥʠʝ ʜʠʩʢʠ ʠ ʩʤʝʥ-

ʥʳʝ ʥʦʩʠʪʝʣʠ. 

 

 

ʈʠʩʫʥʦʢ 1. ʆʙʲʝʢʪʳ ʰʠʬʨʦʚʘʥʠʷ ʧʨʠ ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ 

ʠʥʬʦʨʤʘʮʠʠ 
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ʐʠʬʨʦʚʘʥʠʝ ʩʤʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʧʨʠʦʙʨʝʪʘʝʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ ʚ ʩʚʷʟʠ ʩ 

ʪʝʤ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʩʣʫʯʘʡʥʦ ʫʪʝʨʷʥʳ ʧʦʣʴʟʦʚʘʥʠʝʤ, ʠʣʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ 

ʧʦʭʠʱʝʥʳ ʟʣʦʫʤʳʰʣʝʥʥʠʢʦʤ. 

ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ, ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʰʠʬʨʦʚʘʥʠʷ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʤʝʞʜʫ 

ʫʩʪʨʦʡʩʪʚʘʤʠ, ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʥʠʞʝʥʠʶ ʩʢʦʨʦʩʪʠ ʟʘʧʠʩʠ-ʯʪʝʥʠʷ ʠʟ-ʟʘ 

ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʥʘ ʦʧʝʨʘʮʠʠ ʰʠʬʨʦʚʘʥʠʷ-ʜʝʰʠʬʨʦʚʘʥʠʷ. 

ʉʢʦʨʦʩʪʴ ʟʘʧʠʩʠ Vʟ ʥʘ ʫʩʪʨʦʡʩʪʚʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʦʙʲʝʤʘ 

ʠʥʬʦʨʤʘʮʠʠ Q ʢ ʚʨʝʤʝʥʠ ʟʘʧʠʩʠ Tʟ. 

ʇʨʠ ʰʠʬʨʦʚʘʥʠʠ ʠʥʬʦʨʤʘʮʠʠ ʚʨʝʤʷ ʟʘʧʠʩʠ ʫʚʝʣʠʯʠʪʩʷ ʥʘ ʚʨʝʤʷ 

ʰʠʬʨʦʚʘʥʠʷ ʊh . 

Vʟ  
Ἕ

ἢ̈
 ʩʢʦʨʦʩʪʴ ʟʘʧʠʩʠ ʙʝʟ ʰʠʬʨʦʚʘʥʠʷ; 

Vʟ 
̈  ˟̙

 ʩʢʦʨʦʩʪʴ ʟʘʧʠʩʠ ʩ ʰʠʬʨʦʚʘʥʠʝʤ. 

ɸʥʘʣʦʛʠʯʥʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠ ʩʢʦʨʦʩʪʴ ʯʪʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʩ ʫʩʪʨʦʡʩʪʚʘ. 

ʆʙʲʝʢʪʳ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʤʥʦʞʝʩʪʚʦ ʧʨʦʛʨʘʤʤ ʜʣʷ 

ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʰʠʬʨʦʚʘʥʠʷ, ʢʘʢ ʧʣʘʪʥʳʭ [4, 5, 6], ʪʘʢ ʠ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʭ 

ʩʚʦʙʦʜʥʦ [2, 3, 7]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʠʙʦʣʝʝ ʧʦʧʫʣʷʨʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠ-

ʮʘʭ 1 ʠ 2. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʘ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥ-

ʥʳʤʠ ʩʤʝʥʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʠʩʧʳʪʘʪʝʣʴʥʳʡ ʩʪʝʥʜ ʚ ʩʣʝʜʫʶʱʝʤ 

ʩʦʩʪʘʚʝ: 

¶ ʧʨʦʮʝʩʩʦʨ ï Intel Celeron CPU N3060 @ 1.60GHz; 

¶ ʦʧʝʨʘʪʠʚʥʘʷ ʧʘʤʷʪʴ ï 4 ɻɹ; 

¶ ʦʧʝʨʘʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ï Windows-10 LTSC 1809; 

¶ ʚʥʫʪʨʝʥʥʠʡ ʥʘʢʦʧʠʪʝʣʴ ï SSD 120ɻɹ; 

¶ ʚʥʝʰʥʠʝ ʥʘʢʦʧʠʪʝʣʠ: 

¶ Samsung EVO Plus microSDXC 128 ɻɹ; 

¶ Samsung USB Flash 64 ɻɹ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʚʦʙʦʜʥʦ ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʧʨʦʛʨʘʤʤʳ: 
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¶ BitLocker;  

¶ VeraCrypt ; 

¶ 7-zip. 

ʊʘʙʣʠʮʘ 1. 

ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʧʣʘʪʥʦ 

ʅʘʟʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʳ 

ʇʦʜʜʝʨʞʠ-

ʚʘʝʤʳʝ ʆʉ: 

ɻʦʜ 

ʚʳʧʫʩʢʘ 

ʧʦʩʣʝʜʥʝʡ 

ʚʝʨʩʠʠ 

ɺʠʜʳ 

ʰʠʬʨʦʚ 

ʆʙʲʝʢʪʳ 

ʟʘʱʠʪʳ 

ʄʝʪʦʜʳ 

ʟʘʱʠʪʳ 

Universal 

Shield 4.7.1 
Windows 2012 

Blowfish,CAST, 

Cobra 128, PC1, 

AES,Serpent, 

triple-DES, 

Twofish 

ʌʘʡʣʳ, 

ʧʘʧʢʠ, 

ʜʠʩʢʠ 

ʐʠʬʨʦʚʘʥʠʝ, 

ʩʢʨʳʪʠʝ, 

ʙʣʦʢʠʨʦʚʘʥʠʝ 

Folder Lock Windows 2021 AES 

ʌʘʡʣʳ, 

ʧʘʧʢʠ, 

ʜʠʩʢʠ 

ʐʠʬʨʦʚʘʥʠʝ, 

ʙʣʦʢʠʨʦʚʘʥʠʝ 

ʙʝʟʦʧʘʩʥʦʝ 

ʫʜʘʣʝʥʠʝ. 

CryptoExpert  Windows 2016 
AES, Blowfish, 

Triple DES 

ʌʘʡʣʳ, 

ʧʘʧʢʠ 
ʐʠʬʨʦʚʘʥʠʝ 

 

ʊʘʙʣʠʮʘ 2. 

ʇʨʦʛʨʘʤʤʳ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʜʘʥʥʳʭ, ʨʘʩʧʨʦʩʪʨʘʥʷʝʤʳʝ ʩʚʦʙʦʜʥʦ 

ʅʘʟʚʘʥʠʝ 

ʧʨʦʛʨʘʤʤʳ 

ʇʦʜʜʝʨʞʠ-

ʚʘʝʤʳʝ ʆʉ: 

ɻʦʜ 

ʚʳʧʫʩʢʘ 

ʧʦʩʣʝʜʥʝʡ 

ʚʝʨʩʠʠ 

ɺʠʜʳ 

ʰʠʬʨʦʚ 

ʆʙʲʝʢʪʳ 

ʟʘʱʠʪʳ 

ʄʝʪʦʜʳ 

ʟʘʱʠʪʳ 

VeraCrypt  

Microsoft 

Windows, Mac 

OS X ʠ GNU 

Linux  

2020 

AES, Serpent, 

Twofish, Camellia 

ʠ çʂʫʟʥʝʯʠʢè 

ʌʘʡʣʳ, 

ʧʘʧʢʠ, 

ʜʠʩʢʠ 

ʐʠʬʨʦʚʘʥʠʝ, 

ʦʪʨʠʮʘʝʤʦʝ 

ʰʠʬʨʦʚʘʥʠʝ, 

ʩʢʨʳʪʠʝ 

BitLocker  

Windows 

(ʩʪʘʨʰʠʝ 

ʚʝʨʩʠʠ) 

2019  AES ɼʠʩʢʠ ʐʠʬʨʦʚʘʥʠʝ  

7-zip  Windows 2021 AES  ɸʨʭʠʚʳ  ʐʠʬʨʦʚʘʥʠʝ  

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʤʝʥʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ DiskMark 8.1, ʠʥʪʝʨʬʝʡʩ ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩ.2. 
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ʈʠʩʫʥʦʢ 2. ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʢʘʨʪʳ ʧʘʤʷʪʠ microSDXC 

ʧʨʦʛʨʘʤʤʦʡ DiskMark 8.1 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʩ ʥʘʢʦʧʠʪʝʣʷʤʠ ʧʨʝʜ-

ʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. 

ʊʘʙʣʠʮʘ 3. 

ʉʢʦʨʦʩʪʴ ʟʘʧʠʩʠ-ʯʪʝʥʠʷ ʩʤʝʥʥʳʭ ʥʦʩʠʪʝʣʝʡ ʩ ʰʠʬʨʦʚʘʥʠʝʤ  

ʠ ʙʝʟ ʰʠʬʨʦʚʘʥʠʷ (ʄɹ/ʩ) 

 
ʂʘʨʪʘ ʧʘʤʷʪʠ 

microSDXC 

Flash Drive 

ʯʝʨʝʟ USB2.0 

Flash Drive 

ʯʝʨʝʟ USB3.0 

 ɿʘʧʠʩʴ ʏʪʝʥʠʝ ɿʘʧʠʩʴ ʏʪʝʥʠʝ ɿʘʧʠʩʴ ʏʪʝʥʠʝ 

ɹʝʟ 

ʰʠʬʨʦʚʘʥʠʷ 
27.68  27.68  25.17  40.06  35.24  291.50  

BitLocker 

 
24.54  24.96  24.33  40.89  34.61  307.64  

VeraCrypt  

AES 
19.29  23.70  22.86  41.52  34.19  255.03  

VeraCrypt  

Camellia 
22.86  24.33 24.54  42.58  34.81  104.44 

VeraCrypt  

çʂʫʟʥʝʯʠʢè 
12.37  17.83  24.33 42.37 34.40  47.61  

 

ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʩʣʝʜʫʝʪ, ʯʪʦ ʜʘʞʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʥʠʟʢʦ ʧʨʦʠʟ-

ʚʦʜʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʦʨʘ Intel Celeron, ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʟʘʧʠʩʠ-ʯʪʝʥʠʷ ʩʦ-

ʩʪʘʚʣʷʝʪ ʝʜʠʥʠʮʳ ʧʨʦʮʝʥʪʦʚ ʜʣʷ ʘʣʛʦʨʠʪʤʘ AES. ɸʣʛʦʨʠʪʤʳ ʰʠʬʨʦʚʘʥʠʷ 
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Camellia ʠ çʂʫʟʥʝʯʠʢè, ʜʘʶʪ ʭʫʜʰʠʡ ʨʝʟʫʣʴʪʘʪ, ʧʦʩʢʦʣʴʢʫ ʪʨʝʙʫʶʪ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ ʚʨʝʤʝʥʠ ʧʨʦʮʝʩʩʦʨʘ ʥʘ ʦʧʝʨʘʮʠʠ ʰʠʬʨʦʚʘʥʠʷ-ʜʝʰʠʬʨʦʚʘʥʠʷ. 

ɼʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʤʝʥʥʳʤʠ ʥʘʢʦʧʠʪʝʣʷʤʠ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʰʪʘʪʥʳʝ ʩʨʝʜʩʪʚʘ WI N-10. ʅʘ ʨʠʩ.3 ʧʨʝʜʩʪʘʚʣʝʥ ʨʝʟʫʣʴʪʘʪ 

ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʨʠ ʦʙʤʝʥʝ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʢʘʨʪʦʡ ʧʘʤʷʪʠ microSDXC ʠ 

Flash Drive. 

 

 

ʈʠʩʫʥʦʢ 3. ʈʝʟʫʣʴʪʘʪ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʤʝʞʜʫ ʢʘʨʪʦʡ ʧʘʤʷʪʠ 

microSDXC ʠ Flash Drive 

 

ʈʝʟʫʣʴʪʘʪʳ ʚʣʠʷʥʠʷ ʧʨʦʮʝʩʩʘ ʰʠʬʨʦʚʘʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ 

ʤʝʞʜʫ ʩʤʝʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦ ʘʣʛʦʨʠʪʤʘ AES, ʢʦʪʦʨʳʡ 

ʠ ʩʣʝʜʫʝʪ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʜʣʷ ʰʠʬʨʦʚʘʥʠʷ ʩʤʝʥʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ. 
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ʊʘʙʣʠʮʘ 4. 

ʉʢʦʨʦʩʪʴ ʦʙʤʝʥʘ ʜʘʥʥʳʤʠ ʤʝʞʜʫ ʩʤʝʥʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ ʩ ʰʠʬʨʦʚʘʥʠʝʤ  

ʠ ʙʝʟ ʰʠʬʨʦʚʘʥʠʷ (ʄɹ/ʩ) 

 

ʉ ʢʘʨʪʳ 

ʧʘʤʷʪʠ 

microSDXC ʥʘ 

Flash Drive 2.0 

ʉ Flash Drive 

2.0 ʥʘ ʢʘʨʪʫ 

ʧʘʤʷʪʠ 

microSDXC 

ʉ ʢʘʨʪʳ 

ʧʘʤʷʪʠ 

microSDXC ʥʘ 

Flash Drive 3.0 

ʉ Flash Drive 

3.0 ʥʘ ʢʘʨʪʫ 

ʧʘʤʷʪʠ 

microSDXC 

ɹʝʟ 

ʰʠʬʨʦʚʘʥʠʷ 
13.2 22.6 23.1 22.6 

VeraCrypt  

AES 
17.3 10.7 19.5 9.79 

VeraCrypt  

Camellia 
18.4 14.3 16.5 11.0 

VeraCrypt  

çʂʫʟʥʝʯʠʢè 
11.2 9.56 11.6 8.32 

BitLocker  14.9 18.6 20.7 18.0 

 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʧʨʦʛʨʘʤʤʫ 7zip [2], ʢʦʪʦʨʘʷ ʧʦʟʚʦʣʷʝʪ ʥʝ 

ʪʦʣʴʢʦ ʩʦʟʜʘʚʘʪʴ ʘʨʭʠʚʳ ʩ ʮʝʣʴʶ ʩʦʢʨʘʱʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʛʦ ʦʙʲʝʤʘ ʥʦʩʠʪʝʣʷ, ʥʦ 

ʠ ʟʘʱʠʱʘʪʴ ʘʨʭʠʚ ʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʠ ʩʪʦʡʢʠʤ ʘʣʛʦʨʠʪʤʦʤ AES. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʨʝʞʠʤʘ ʰʠʬʨʦʚʘʥʠʷ ʥʝ ʨʘʙʦʪʫ ʵʪʦʡ ʧʨʦʛʨʘʤʤʳ 

ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʚʨʝʤʷ ʩʦʟʜʘʥʠʷ ʥʘ ʩʤʝʥʥʦʤ ʥʦʩʠʪʝʣʝ ʘʨʭʠʚʘ ʧʘʧʢʠ ʨʘʟʤʝʨʦʤ 

ʦʢʦʣʦ 10 ɻɹ ʙʝʟ ʰʠʬʨʦʚʘʥʠʷ ʠ ʩ ʰʠʬʨʦʚʘʥʠʝʤ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʦʥʦ ʩʦʩʪʘʚʠʣʦ 

27 ʤʠʥ, ʘ ʚʦ ʚʪʦʨʦʤ -31ʤʠʥ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʨʝʞʠʤ ʰʠʬʨʦʚʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪ 

ʟʘʪʨʘʪʳ ʚʨʝʤʝʥʠ ʧʨʠʤʝʨʥʦ ʥʘ 10%. 

ʈʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʧʨʦʛʨʘʤʤ ʰʠʬʨʦʚʘʥʠʷ ʜʣʷ ʢʦʤʤʝʨʯʝʩʢʠʭ 

ʧʨʝʜʧʨʠʷʪʠʡ ʠ ʙʳʪʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ 

ʀʩʭʦʜʷ ʠʟ ʚʩʝʛʦ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʧʨʝʜʣʦʞʠʪʴ ʩʣʝʜʫʶʱʝʝ. 

ɼʣʷ ʤʘʣʳʭ ʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʝʜʧʨʠʷʪʠʡ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʦʛʨʘʤʤʘ 

VeraCrypt, ʦʙʣʘʜʘʶʱʘʷ ʰʠʨʦʢʠʤ ʬʫʥʢʮʠʦʥʘʣʦʤ ʠ ʠʥʪʫʠʪʠʚʥʦ ʧʦʥʷʪʥʳʤ ʠʥ-

ʪʝʨʬʝʡʩʦʤ. 

ɼʣʷ ʙʳʪʦʚʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ BitLocker , ʢʦʪʦʨʳʡ 

ʷʚʣʷʝʪʩʷ ʰʪʘʪʥʳʤ ʩʨʝʜʩʪʚʦʤ ʦʧʝʨʘʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ Microsoft  Windows. 

ʇʨʦʛʨʘʤʤʘ 7-zip ʚʝʩʴʤʘ ʫʜʦʙʥʘ ʜʣʷ ʭʨʘʥʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʲʝʤʥʳʭ 

ʥʦʩʠʪʝʣʷʭ, ʪʘʢ ʢʘʢ ʢʨʦʤʝ ʰʠʬʨʦʚʘʥʠʷ ʧʨʦʠʟʚʦʜʠʪ ʘʨʭʠʚʘʮʠʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʵʢʦʥʦʤʠʪʴ ʤʝʩʪʦ ʥʘ ʥʦʩʠʪʝʣʝ. 
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ʧʨʦʮʝʥʪʦʚ). 
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ɸʅʅʆʊɸʎʀʗ 

ɺ ʩʪʘʪʴʝ ʧʨʠʚʦʜʠʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʉʋɹɼ Microsoft SQL Server, 

MySQL, SQLite. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʧʨʠʚʦʜʷʪʩʷ ʜʘʥʥʳʝ ʦ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ ʉʋɹɼ. 

ʅʘ ʦʩʥʦʚʝ ʧʦʣʫʯʝʥʥʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʚʦʜʷʪʩʷ ʨʝʢʦʤʝʥʜʘʮʠʠ ʧʦ ʚʳʙʦʨʫ ʩʦʦʪʚʝʪ-

ʩʪʚʫʶʱʝʡ ʉʋɹɼ. 

ABSTRACT  

The article provides a comparative analysis of Microsoft SQL Server, MySQL, 

SQLite DBMS. The article also provides data on DBMS performance. Based on the 

analysis obtained, recommendations are given for choosing the appropriate DBMS. 
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ʉʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ (ʉʋɹɼ) ï ɻ ʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʘʟ ʜʘʥʥʳʭ, ʭʨʘʥʝʥʠʷ ʠ ʧʦʠʩʢʘ ʚ ʥʠʭ ʥʝʦʙʭʦʜʠʤʦʡ ʠʥʬʦʨʤʘʮʠʠ. 

ʉʋɹɼ ʧʨʝʚʨʘʱʘʝʪ ʦʛʨʦʤʥʳʡ ʦʙʲʝʤ ʭʨʘʥʠʤʳʭ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʧʘʤʷʪʠ ʩʚʝʜʝʥʠʡ 

ʚ ʤʦʱʥʫʶ ʩʧʨʘʚʦʯʥʫʶ ʩʠʩʪʝʤʫ [1]. 

ɿʘʯʘʩʪʫʶ ʧʦʜʙʦʨ ʉʋɹɼ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʩʢʦʨʦʩʪʠ ʚʳʧʦʣʥʝʥʠʷ ʟʘ-

ʧʨʦʩʦʚ ʠ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʩʪʘʣ ʩʨʘʚ-

ʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʧʦʧʫʣʷʨʥʳʭ ʥʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ ʉʋɹɼ: Microsoft SQL Server, 

MySQL, SQLite. 

Microsoft SQL Server. Microsoft SQL Server ï ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʨʝʣʷ-

ʮʠʦʥʥʳʤʠ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʩʦʟʜʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Microsoft. ʆʩʥʦʚʥʦʡ ʧʨʠʤʝ-

ʥʷʝʤʳʡ ʷʟʳʢ ʟʘʧʨʦʩʦʚ ï Transact-SQL. Transact-SQL ʷʚʣʷʝʪʩʷ ʨʝʘʣʠʟʘʮʠʝʡ ʩʪʘʥ-

ʜʘʨʪʘ ANSI/ISO ʧʦ ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʤʫ ʷʟʳʢʫ ʟʘʧʨʦʩʦʚ (SQL) ʩ ʨʘʩʰʠʨʝʥʠʷʤʠ. 

ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʉʋɹɼ Microsoft SQL Server ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʘʙʦʪʳ ʩ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ ʨʘʟʤʝʨʦʤ ʦʪ ʧʝʨʩʦʥʘʣʴʥʳʭ ʜʦ ʢʨʫʧʥʳʭ ʙʘʟ ʜʘʥʥʳʭ ʤʘʩʰʪʘʙʘ 

ʧʨʝʜʧʨʠʷʪʠʷ [2]. 

MySQL.  MySQL ï ʩʚʦʙʦʜʥʘʷ ʨʝʣʷʮʠʦʥʥʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ 

ʜʘʥʥʳʭ. ʈʘʟʨʘʙʦʪʢʫ ʠ ʧʦʜʜʝʨʞʢʫ MySQL ʨʝʘʣʠʟʫʝʪ ʢʦʤʧʘʥʠʷ Oracle. MySQL 

ʷʚʣʷʝʪʩʷ ʨʝʰʝʥʠʝʤ ʜʣʷ ʤʘʣʳʭ ʠ ʩʨʝʜʥʠʭ ʧʨʠʣʦʞʝʥʠʡ. ɻʠʙʢʦʩʪʴ ʉʋɹɼ MySQL 

ʩʦʟʜʘʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʜʜʝʨʞʢʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʪʠʧʦʚ ʪʘʙʣʠʮ: ʧʦʣʴʟʦʚʘʪʝʣʠ 

ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʚʳʙʨʘʪʴ ʢʘʢ ʪʘʙʣʠʮʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʧʦʣʥʦʪʝʢʩʪʦʚʳʡ 

ʧʦʠʩʢ, ʪʘʢ ʠ ʪʘʙʣʠʮʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʪʨʘʥʟʘʢʮʠʠ ʥʘ ʫʨʦʚʥʝ ʦʪʜʝʣʴʥʳʭ ʟʘ-

ʧʠʩʝʡ [2]. 

SQLite. SQLite ï ʵʪʦ ʙʳʩʪʨʘʷ ʠ ʣʝʛʢʘʷ ʚʩʪʨʘʠʚʘʝʤʘʷ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʝʥʠʷ 

ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʥʘʧʠʩʘʥʥʘʷ ʥʘ ʷʟʳʢʝ C. ʆʥʘ ʥʝ ʠʤʝʝʪ ʩʝʨʚʝʨʘ ʠ ʧʨʝʜʦʩʪʘʚʣʷʝʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʭʨʘʥʠʪʴ ʚʩʶ ʙʘʟʫ ʣʦʢʘʣʴʥʦ ʥʘ ʦʜʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ɼʣʷ ʨʘʙʦʪʳ 

SQLite ʥʝ ʥʫʞʥʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʙʠʙʣʠʦʪʝʢʠ ʠʣʠ ʩʣʫʞʙʳ. ɼʚʠʞʦʢ ʙʘʟʳ ʜʘʥʥʳʭ 

https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%A1%D0%A3%D0%91%D0%94
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%A1%D0%A3%D0%91%D0%94
https://ru.wikipedia.org/wiki/Microsoft
https://ru.wikipedia.org/wiki/Transact-SQL
https://ru.wikipedia.org/wiki/%D0%90%D0%BC%D0%B5%D1%80%D0%B8%D0%BA%D0%B0%D0%BD%D1%81%D0%BA%D0%B8%D0%B9_%D0%BD%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BD%D1%81%D1%82%D0%B8%D1%82%D1%83%D1%82_%D1%81%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%BE%D0%B2
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B6%D0%B4%D1%83%D0%BD%D0%B0%D1%80%D0%BE%D0%B4%D0%BD%D0%B0%D1%8F_%D0%BE%D1%80%D0%B3%D0%B0%D0%BD%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D1%8F_%D0%BF%D0%BE_%D1%81%D1%82%D0%B0%D0%BD%D0%B4%D0%B0%D1%80%D1%82%D0%B8%D0%B7%D0%B0%D1%86%D0%B8%D0%B8
https://ru.wikipedia.org/wiki/SQL
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%BE%D0%B1%D0%BE%D0%B4%D0%BD%D0%BE%D0%B5_%D0%9F%D0%9E
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%A1%D0%A3%D0%91%D0%94
https://ru.wikipedia.org/wiki/%D0%A0%D0%B5%D0%BB%D1%8F%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%A1%D0%A3%D0%91%D0%94
https://ru.wikipedia.org/wiki/Oracle
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ʧʨʝʜʩʪʘʚʣʷʝʪ ʙʠʙʣʠʦʪʝʢʫ, ʩ ʢʦʪʦʨʦʡ ʧʨʦʛʨʘʤʤʘ ʢʦʤʧʦʥʫʝʪʩʷ ʠ SQLite ʩʪʘʥʦ-

ʚʠʪʩʷ ʩʦʩʪʘʚʥʦʡ ʯʘʩʪʴʶ ʧʨʦʛʨʘʤʤʳ. ɺʩʷ ʙʘʟʘ ʜʘʥʥʳʭ ʭʨʘʥʠʪʩʷ ʚ ʝʜʠʥʩʪʚʝʥʥʦʤ 

ʩʪʘʥʜʘʨʪʥʦʤ ʬʘʡʣʝ ʥʘ ʤʘʰʠʥʝ, ʥʘ ʢʦʪʦʨʦʡ ʠʩʧʦʣʥʷʝʪʩʷ ʧʨʦʛʨʘʤʤʘ. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʉʋɹɼ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʪʘʙʣʠʮʝ 1. 

ʊʘʙʣʠʮʘ 1. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʉʋɹɼ Microsoft SQL Server, MySQL, SQLite 

ʅʘʟʚʘʥʠʝ 
Microsoft SQL 

Server 
MySQL SQLite 

ʄʦʜʝʣʴ ʈʝʣʷʮʠʦʥʥʘʷ ʈʝʣʷʮʠʦʥʥʘʷ ʈʝʣʷʮʠʦʥʥʘʷ 

ʈʘʟʨʘʙʦʪʯʠʢ Microsoft Oracle ʈʠʯʘʨʜ ʍʠʧʧ 

ʇʝʨʚʳʡ ʚʳʧʫʩʢ 1989 ʛ. 1994 ʛ. 2000 ʛ. 

ʃʠʮʝʥʟʠʷ 

ʇʨʦʧʨʠʝʪʘʨʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ  

ʉʚʦʙʦʜʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ 

ʉʚʦʙʦʜʥʦʝ 

ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ 

ʅʘʧʠʩʘʥ ʥʘ ʉ, ʉ++ ʠ ʉ# ʉ ʠ ʉ++ ʉ 

ʇʦʜʜʝʨʞʢʘ SQL ʜʘ ʜʘ ʜʘ 

ʇʦʜʜʝʨʞʢʘ XML  ʜʘ ʜʘ ʥʝʪ 

ʆʧʝʨʘʮʠʦʥʥʘʷ 

ʩʠʩʪʝʤʘ 

UNIX, OS/2, 

Windows 

Linux, Microsoft Windows, 

macOS, FreeBSD, Solaris ʠ 

UNIX-ʧʦʜʦʙʥʳʝ 

ʦʧʝʨʘʮʠʦʥʥʳʝ ʩʠʩʪʝʤʳ 

ʢʨʦʩʩʧʣʘʪʬʦʨʤʝʥʥʦʩʪʴ 

ʇʦʜʜʝʨʞʠʚʘʝʤʳʝ 

ʷʟʳʢʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ 

C#, C++, Delphi, 

Go, Java, 

JavaScript 

(Node.js), PHP, 

Python, R, Ruby, 

Visual Basic 

Ada, C, C#, C++, D, Delphi, 

Eiffel, Erlang, Haskell, 

Java, JavaScript (Node.js), 

Objective-C, OCaml, Perl, 

PHP, Python, Ruby, 

Scheme, Tcl 

Actionscript, Ada, 

Basic, C, C#, C++, D, 

Delphi, Forth, Fortran, 

Haskell, Java, 

JavaScript, Lisp, Lua, 

MatLab, Objective-C, 

OCaml, Perl, PHP, 

PL/SQL, Python, R, 

Ruby, Scala, Scheme, 

Smalltalk, Tcl 

 

ʉʨʝʜʥʷʷ ʩʢʦʨʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ INSERT, UPDATE, SELECT ʜʣʷ 

ʪʘʙʣʠʮʳ ʠʟ 100 000 ʟʘʧʠʩʝʡ ʚ ʉʋɹɼ Microsoft SQL Server, MySQL, SQLite ʧʨʝʜ-

ʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 2 [3]. 

ʊʘʙʣʠʮʘ 2. 

ʉʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ ʚ ʉʋɹɼ Microsoft 

SQL Server, MySQL, SQLite 

ʅʘʟʚʘʥʠʝ INSERT UPDATE SELECT 

Microsoft SQL Server 0,194 ʩ 0,165 ʩ 0,632 ʩ 

MySQL 1,823 ʩ 2,504 ʩ 0,170 ʩ 

SQLite 0,049 ʩ 0,039 ʩ 9,699 ʩ 

https://ru.wikipedia.org/wiki/UNIX
https://ru.wikipedia.org/wiki/OS/2
https://ru.wikipedia.org/wiki/Windows
https://ru.wikipedia.org/wiki/Linux
https://ru.wikipedia.org/wiki/Windows
https://ru.wikipedia.org/wiki/MacOS
https://ru.wikipedia.org/wiki/FreeBSD
https://ru.wikipedia.org/wiki/Solaris
https://ru.wikipedia.org/wiki/Unix-%D0%BF%D0%BE%D0%B4%D0%BE%D0%B1%D0%BD%D0%B0%D1%8F_%D0%BE%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/Unix-%D0%BF%D0%BE%D0%B4%D0%BE%D0%B1%D0%BD%D0%B0%D1%8F_%D0%BE%D0%BF%D0%B5%D1%80%D0%B0%D1%86%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9A%D1%80%D0%BE%D1%81%D1%81%D0%BF%D0%BB%D0%B0%D1%82%D1%84%D0%BE%D1%80%D0%BC%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
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ɸʥʘʣʠʟʠʨʫʷ ʜʘʥʥʳʝ ʩʨʘʚʥʠʪʝʣʴʥʳʭ ʘʥʘʣʠʟʦʚ ʉʋɹɼ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʩʣʝʜʫʶ-

ʱʠʝ ʚʳʚʦʜʳ. 

ʉʋɹɼ Microsoft SQL Server ʧʨʦʩʪʘ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ, ʥʦ ʧʨʠ ʵʪʦʤ ʷʚʣʷʝʪʩʷ 

ʧʣʘʪʥʳʤ ʧʨʦʜʫʢʪʦʤ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʠ, ʜʘʥʥʘʷ ʉʋɹɼ ʧʦʢʘʟʘʣʘ 

ʭʦʨʦʰʠʝ ʨʝʟʫʣʴʪʘʪʳ. 

ʉʋɹɼ MySQL ʠ SQLite ʦʙʝ ʷʚʣʷʶʪʩʷ ʙʝʩʧʣʘʪʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ. ʉʋɹɼ 

SQLite ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʥʘʠʣʫʯʰʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʟʘʧʨʦʩʘʭ INSERT ʠ 

UPDATE, ʥʦ ʧʦʢʘʟʘʣʘ ʚʳʩʦʢʦʝ ʚʨʝʤʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʧʨʦʩʘ SELECT. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʉʋɹɼ MySQL ʧʦʢʘʟʘʣʘ ʩʨʝʜʥʠʝ ʨʝʟʫʣʴʪʘʪʳ ʚ ʩʢʦʨʦʩʪʠ ʦʙʨʘʙʦʪʢʠ ʟʘʧʨʦʩʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ, ʤʦʞʥʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʉʋɹɼ 

MySQL ʠ SQLite ʦʨʛʘʥʠʟʘʮʠʷʤ, ʢʦʪʦʨʳʤ ʪʨʝʙʫʝʪʩʷ ʥʘʜʝʞʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʫʧ-

ʨʘʚʣʝʥʠʷ ʙʘʟʘʤʠ ʜʘʥʥʳʭ, ʥʦ ʙʝʩʧʣʘʪʥʳʡ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʉʋɹɼ Microsoft SQL 

Server ʠʜʝʘʣʴʥʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʢʨʫʧʥʳʭ ʦʨʛʘʥʠʟʘʮʠʡ, ʢʦʪʦʨʳʝ ʫʞʝ ʠʩʧʦʣʴʟʫʶʪ 

ʨʷʜ ʧʨʦʜʫʢʪʦʚ Microsoft, ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʉʋɹɼ ʦʯʝʥʴ ʭʦʨʦʰʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʜʨʫʛʠʤʠ ʧʨʦʜʫʢʪʘʤʠ Microsoft. 
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ABSTRACT 

The purpose of this work is to analyze the technological process of collecting and 

processing information on a computer. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʨʦʮʝʩʩ, ʠʥʬʦʨʤʘʮʠʷ, ʦʙʨʘʙʦʪʢʘ, ʜʘʥʥʳʝ. 



29 

 

Keywords: process, information, processing, data. 

 

ɺʚʝʜʝʥʠʝ 

ʃʶʙʘʷ ʜʝʷʪʝʣʴʥʦʩʪʴ ʯʝʣʦʚʝʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʦʮʝʩʩ ʩʙʦʨʘ ʠ ʦʙʨʦʪʢʠ ʠʥʬʦʨ-

ʤʘʮʠʠ, ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ ʠ ʠʭ ʚʳʧʦʣʥʝʥʠʷ. ʉ ʧʦʷʚʣʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʚʳʯʠʩʣʠʪʝʣʴʥʦʡ ʪʝʭʥʠʢʠ ʠʥʬʦʨʤʘʮʠʷ ʩʪʘʣʘ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʦʜʥʦʛʦ ʠʟ 

ʚʘʞʥʝʡʰʠʭ ʨʝʩʫʨʩʦʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʧʨʦʛʨʝʩʩʘ. 

ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ: ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʧʨʠʥʮʠʧʦʚ ʦʙʨʘʙʦʪʢʠ 

ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʝʝ ʬʦʨʤʝ ʧʨʝʜʩʪʘʚʣʝʥʠʷ, ʩʧʦʩʦʙʘʤ ʝʝ ʢʦʜʠʨʦʚʘʥʠʷ ʠ ʭʨʘʥʝʥʠʷ. 

ɼʣʷ ʵʪʦʛʦ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʧʦʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ, ʢʦʪʦʨʦʝ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʦ-

ʧʦʣʘʛʘʶʱʠʤ ʧʦʥʷʪʠʝʤ ʠʥʬʦʨʤʘʪʠʢʠ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: ɺʦ-ʧʝʨʚʳʭ, ʦʟʥʘʢʦʤʠʪʴʩʷ ʩ ʧʦʥʷʪʠʝʤ çʦʙʨʘʙʦʪʢʘ 

ʠʥʬʦʨʤʘʮʠʠè, ʠʟʫʯʠʪʴ: ʮʝʣʠ, ʟʘʜʘʯʠ ʠ ʚʠʜʳ; ʤʝʪʦʜʳ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʠʩʩʣʝʜʦʚʘʪʴ ʢʣʘʩ-

ʩʠʬʠʢʘʮʠʶ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ: ʨʝʞʠʤʳ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; ʩʧʦʩʦʙʳ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ; ʢʦʤʧʣʝʢʩ ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ 

ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ; 

ʉʙʦʨ ʜʘʥʥʳʭ 

ɺʚʦʜ ʧʝʨʚʦʥʘʯʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʚ 

ʦʨʛʘʥʠʟʘʮʠʦʥʥʫʶ ʠ ʵʢʦʥʦʤʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ ʚ ʠʪʦʛʝ ʷʚʣʷʝʪʩʷ ʨʫʯʥʳʤ ï ʧʦʣʴʟʦ-

ʚʘʪʝʣʴ ʢʦʤʧʴʶʪʝʨʘ çʥʘʙʠʨʘʝʪè ʘʣʬʘʚʠʪʥʳʝ ʠ ʮʠʬʨʦʚʳʝ ʜʘʥʥʳʝ ʥʘ ʢʣʘʚʠʘʪʫʨʝ, 

ʚʠʜʠʤʦ ʢʦʥʪʨʦʣʠʨʫʷ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʚʝʜʝʥʥʳʭ ʩʠʤʚʦʣʦʚ ʥʘ ʵʢʨʘʥʝ. ʂʘʞʜʦʝ 

ʥʘʞʘʪʠʝ ʢʣʘʚʠʰʠ ʷʚʣʷʝʪʩʷ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʠʟʦʙʨʘʞʝʥʥʦʛʦ ʥʘ ʥʝʡ ʩʠʤʚʦʣʘ ʚ 

ʵʣʝʢʪʨʦʥʥʳʡ ʜʚʦʠʯʥʳʡ ʢʦʜ, ʪʦ ʝʩʪʴ ʚ ʜʘʥʥʳʝ ʧʦʥʷʪʥʳʝ ʜʣʷ ʕɺʄ. ʕʪʘʧ ʚʳʚʦʜʘ 

ʷʚʣʷʝʪʩʷ ʟʘʢʣʶʯʠʪʝʣʴʥʳʤ ʵʪʘʧʦʤ ʧʨʦʮʝʩʩʘ ʧʝʨʝʨʘʙʦʪʢʠ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʚ 

ʤʘʰʠʥʥʳʝ ʜʘʥʥʳʝ. ʂʦʥʝʯʥʦ, ʪʝʧʝʨʴ, ʧʦʤʠʤʦ ʢʣʘʚʠʰ, ʝʩʪʴ ʜʨʫʛʠʝ ʚʚʦʜʥʳʝ 

ʫʩʪʨʦʡʩʪʚʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʫʧʨʦʩʪʠʪʴ ʠ ʫʩʢʦʨʠʪʴ ʵʪʦʪ ʩʣʦʞʥʳʡ ʠ ʠʟʥʫʨʷʶ-

ʱʠʡ ʵʪʘʧ, ʪʘʢʠʝ ʢʘʢ ʩʢʘʥʝʨʳ ʠʣʠ ʚʚʦʜʥʳʝ ʫʩʪʨʦʡʩʪʚʘ ʛʦʣʦʩʦʤ. ɺʧʨʦʯʝʤ, ʫʢʘʟʘʥʥʳʝ 
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ʧʨʠʙʦʨʳ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʣʝʜʥʠʝ, ʥʝ ʷʚʣʷʶʪʩʷ ʩʦʚʝʨʰʝʥʩʪʚʦʤ ʠ ʦʙʣʘʜʘʶʪ 

ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʩʪʦʠʤʦʩʪʴʶ. 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʟʘʜʘʯ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʧʦʤʠʤʦ 

ʚʚʝʜʝʥʠʷ ʦʩʚʝʜʦʤʣʷʶʱʠʭ ʩʚʝʜʝʥʠʡ ʦʙ ʦʙʲʝʢʪʝ, ʥʝʦʙʭʦʜʠʤʦ ʧʦʜʛʦʪʦʚʠʪʴ ʠ ʚʚʝʩʪʠ 

ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʦʨʛʘʥʠʟʘʮʠʠ ʠ ʩʪʨʫʢʪʫʨʝ ʧʨʝʜʤʝʪʥʦʡ ʦʙʣʘʩʪʠ, ʪ.ʝ. ʦʙʲʝʢʪʥʦʡ 

ʤʦʜʝʣʠ, ʠ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʧʨʦʮʝʩʩʦʚ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ 

ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʟʘʜʘʯ, ʪ.ʝ. ʤʦʜʝʣʴ ʘʣʛʦʨʠʪʤʘ. 

ʆʩʥʦʚʥʘʷ ʟʘʜʘʯʘ ʧʦʜʛʦʪʦʚʢʠ ʜʘʥʥʳʭ ʪʘʢʦʛʦ ʪʠʧʘ ï ʥʘʧʠʩʘʥʠʝ ʧʨʦʛʨʘʤʤ ʠ ʦʧʠ-

ʩʘʥʠʝ ʩʪʨʫʢʪʫʨ ʠ ʠʥʬʦʨʤʘʮʠʠ ʥʘ ʩʧʝʮʠʘʣʴʥʳʭ ʷʟʳʢʘʭ ʬʦʨʤʠʨʦʚʘʥʠʷ. ʉʝʡʯʘʩ 

ʵʪʘʧ ʨʘʟʨʘʙʦʪʢʠ ʧʨʦʛʨʘʤʤ ʠ ʠʭ ʚʚʦʜʘ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ, ʙʣʘʛʦʜʘʨʷ ʨʘʟʚʠʪʠʶ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʨʦʛʨʘʤʤʥʳʭ ʩʠʩʪʝʤ. ʀʭ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʧʨʦʱʘʝʪ ʧʨʦʮʝʩʩ ʩʦʟʜʘʥʠʷ, ʦʪʣʘʜʢʠ ʠ ʚʚʦʜʘ ʧʨʦʛʨʘʤʤ. ʆʜʥʘʢʦ ʩʘʤʦ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʝ, ʪʦ ʝʩʪʴ ʨʘʟʨʘʙʦʪʢʘ ʤʦʜʝʣʝʡ ʧʨʝʜʤʝʪʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʨʝʰʘʝʤʳʭ ʟʘʜʘʯ, ʘ 

ʪʘʢʞʝ ʘʣʛʦʨʠʪʤʠʯʝʩʢʘʷ ʨʝʘʣʠʟʘʮʠʷ ʠʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝ ʘʚʪʦʤʘʪʠʟʠʨʫʝʪʩʷ. 

ʇʦʵʪʦʤʫ ʧʦʩʣʝ ʩʙʦʨʘ ʠ ʧʦʜʛʦʪʦʚʢʠ ʜʦʢʫʤʝʥʪʦʚ, ʤʦʜʝʣʝʡ, ʧʨʦʛʨʘʤʤ, ʠʩʭʦʜ-

ʥʳʝ ʜʘʥʥʳʝ ʩʪʘʥʦʚʷʪʩʷ ʜʘʥʥʳʤʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʤʠ ʤʘʰʠʥʥʳʤʠ ʜʚʦʠʯʥʳʤʠ 

ʢʦʜʘʤʠ, ʭʨʘʥʠʤʳʤʠ ʥʘ ʤʘʰʠʥʥʦʤ ʥʦʩʠʪʝʣʝ ʠ ʦʙʨʘʙʦʪʘʥʥʳʤ ʪʝʭʥʠʯʝʩʢʠʤʠ ʩʨʝʜ-

ʩʪʚʘʤʠ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʪʝʭʥʠʢʠ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ 

ʂʘʢ ʧʨʘʚʠʣʦ, ʦʙʨʘʙʦʪʢʘ ʠʥʬʦʨʤʘʮʠʠ ʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ 

ʜʝʮʝʥʪʨʘʣʠʟʦʚʘʥʦ ʚ ʤʝʩʪʘʭ, ʛʜʝ ʚʦʟʥʠʢʘʶʪ ʧʝʨʚʠʯʥʳʝ ʜʘʥʥʳʝ, ʛʜʝ ʦʨʛʘʥʠʟʦʚʘʥʳ 

ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʝ ʨʘʙʦʪʥʠʢʠ ʩʧʝʮʠʘʣʠʩʪʦʚ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʫʧʨʘʚʣʝʥʯʝʩʢʦʛʦ 

ʦʪʜʝʣʘ, ʦʪʜʝʣʘ ʩʥʘʙʞʝʥʠʷ ʤʘʪʝʨʠʘʣʴʥʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚ ʠ ʩʥʘʙʞʝʥʠʷ, ʦʪʜʝʣʘ 

ʪʝʭʥʠʯʝʩʢʦʛʦ ʦʙʩʣʫʞʠʚʘʥʠʷ, ʢʦʥʩʪʨʫʢʪʦʨʩʢʦʛʦ, ʙʫʭʛʘʣʪʝʨʩʢʦʛʦ, ʧʣʘʥʦʚʦʛʦ ʠ ʜʨ. 

ʆʜʥʘʢʦ ʦʙʨʘʙʦʪʢʫ ʤʦʞʥʦ ʧʨʦʠʟʚʦʜʠʪʴ ʥʝ ʪʦʣʴʢʦ ʚ ʘʚʪʦʥʦʤʥʦʤ ʨʝʞʠʤʝ, ʥʦ ʝʱʝ 

ʠ ʚ ʢʦʤʧʴʶʪʝʨʥʳʭ ʩʝʪʷʭ, ʠʩʧʦʣʴʟʫʷ ʥʘʙʦʨ ʧʨʦʛʨʘʤʤʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʕɺʄ ʠ 

ʤʘʩʩʠʚʦʚ ʠʥʬʦʨʤʘʮʠʠ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ ʬʫʥʢʮʠʡ. 

ʆʙʨʘʙʦʪʢʘ ʜʘʥʥʳʭ ʩʚʷʟʘʥʘ ʩ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ ʠ ʦʪʦʙʨʘʞʝʥʠʝʤ ʜʘʥʥʳʭ. 

ʇʨʦʮʝʩʩʳ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʜʘʥʥʳʭ ʥʘ ʫʨʦʚʥʝ ʣʦʛʠʢʠ ʷʚʣʷʶʪʩʷ ʘʣʛʦʨʠʪʤʘʤʠ 

ʠ ʧʨʦʛʨʘʤʤʘʤʠ ʦʙʨʘʙʦʪʢʠ ʩʪʨʫʢʪʫʨʳ ʜʘʥʥʳʭ. ɺ ʥʠʭ ʚʭʦʜʷʪ ʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ 
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ʩʦʨʪʠʨʦʚʢʠ, ʧʦʠʩʢʘ, ʩʦʟʜʘʥʠʷ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʜʘʥʥʳʭ, ʠ ʥʝʩʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ, ʢʦʪʦʨʳʝ ʦʙʫʩʣʦʚʣʝʥʳ ʘʣʛʦʨʠʪʤʘʤʠ, ʧʨʦʛʨʘʤʤʘ-

ʤʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ ʜʘʥʥʳʭ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʳʭ ʟʘʜʘʯ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ 

ʪʝʭʥʦʣʦʛʠʡ. ʄʦʜʝʣʠ ʧʨʦʮʝʜʫʨ ʚʠʟʫʘʣʠʟʘʮʠʠ ʜʘʥʥʳʭ ï ʢʦʤʧʴʶʪʝʨʥʳʝ ʧʨʦʛʨʘʤ-

ʤʳ, ʢʦʪʦʨʳʝ ʧʨʝʦʙʨʘʟʫʶʪ ʜʘʥʥʳʝ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʤʘʰʠʥʥʳʤ ʢʦʜʦʤ ʚ ʚʦʩʧʨʠʥʠ-

ʤʘʝʤʳʝ ʯʝʣʦʚʝʢʦʤ ʜʘʥʥʳʝ, ʩʦʜʝʨʞʘʱʠʝ ʩʤʳʩʣʦʚʫʶ ʩʦʩʪʘʚʣʷʶʱʫʶ. ɺ ʩʦʚʨʝʤʝʥ-

ʥʦʡ ʢʦʤʧʴʶʪʝʨʥʦʡ ʩʠʩʪʝʤʝ ʜʘʥʥʳʝ ʤʦʞʥʦ ʦʪʦʙʨʘʞʘʪʴ ʚ ʚʠʜʝ ʪʝʢʩʪʘ, ʛʨʘʬʠʢʠ, 

ʠʟʦʙʨʘʞʝʥʠʷ, ʟʚʫʢʘ ʩ ʧʦʤʦʱʴʶ ʤʫʣʴʪʠʤʝʜʠʡʥʳʭ ʩʨʝʜʩʪʚ, ʠʥʪʝʛʨʠʨʫʶʱʠʭ ʚʩʝ 

ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʳ ʦʪʦʙʨʘʞʝʥʠʷ ʚ ʢʦʤʧʴʶʪʝʨʝ. 

ʇʨʦʮʝʜʫʨʘ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʜʘʥʥʳʭ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʝʡ ʚ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ. ɽʩʣʠ ʙʳ ʯʝʣʦʚʝʯʝʩʢʠʝ ʦʨʛʘʥʳ ʯʫʚʩʪʚ ʥʝ ʤʦʛʣʠ ʚʦʩʧʨʠ-

ʥʠʤʘʪʴ ʨʝʟʫʣʴʪʘʪ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ, ʪʦ ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʦʩʪʘʣʩʷ ʙʳ ʚ ʩʝʙʝ. 

ʉʦʚʨʝʤʝʥʥʳʝ ʠʥʬʦʨʤʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ, ʚʦʩʧʨʦʠʟʚʦʜʷ ʠʥʬʦʨʤʘʮʠʶ, 

ʧʨʝʜʧʦʯʪʝʥʠʝ ʫʜʝʣʷʶʪ ʛʨʘʬʠʯʝʩʢʠʤ ʨʝʞʠʤʘʤ ʨʘʙʦʪʳ ʵʢʨʘʥʦʚ, ʚ ʦʪʣʠʯʠʝ 

ʠʩʪʦʨʠʯʝʩʢʠ ʨʘʥʥʝʛʦ ʪʝʢʩʪʦʚʦʛʦ ʨʝʞʠʤʘ ʢʘʢ ʥʘʠʙʦʣʝʝ ʫʥʠʢʘʣʴʥʳʤ. ʌʫʥʢʮʠʷ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʨʝʞʠʤʘ ʧʦʟʚʦʣʷʝʪ ʚʳʚʝʩʪʠ ʣʶʙʫʶ ʛʨʘʬʠʯʝʩʢʫʶ ʠʥʬʦʨʤʘʮʠʶ ʥʘ 

ʵʢʨʘʥʝ ʜʠʩʧʣʝʷ, ʧʦʩʢʦʣʴʢʫ ʙʫʢʚʳ, ʮʠʬʨʳ ʷʚʣʷʶʪʩʷ ʛʨʘʬʠʯʝʩʢʠʤ ʦʙʲʝʢʪʦʤ, ʘ 

ʪʘʢʞʝ ʠʤʝʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʤʝʥʷʪʴ ʤʘʩʰʪʘʙ, ʧʨʦʝʢʮʠʷ, ʮʚʝʪ ʠ ʪʘʢ ʜʘʣʝʝ. 

ʈʘʟʚʠʪʠʝ ʠʥʬʦʨʤʘʮʠʦʥʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʪʝʭʥʦʣʦʛʠʡ ʚ ʦʙʣʘʩʪʠ ʚʚʦʜʘ, ʚʳʚʦʜʘ 

ʠʥʬʦʨʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʧʦ ʧʫʪʠ ʨʘʟʨʘʙʦʪʢʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʡ ʩʠʩʪʝʤʳ, 

ʚ ʢʦʪʦʨʦʡ ʥʘʩʪʨʦʡʢʘ ʩʠʩʪʝʤʳ, ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʬʫʥʢʮʠʡ ʚʚʦʜʘ, ʚʳʚʦʜ ʠʥʬʦʨ-

ʤʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʦʤʦʱʴʶ ʛʨʘʬʠʯʝʩʢʠʭ ʦʙʲʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʘ 

ʵʢʨʘʥʝ ʵʢʨʘʥʘ, ʧʨʠʤʝʨʦʤ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʛʨʘʬʠʯʝʩʢʠʭ ʠʥʪʝʨ-

ʬʝʡʩʦʚ Windows ʠ ʦʙʲʝʢʪʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʷʟʳʢʦʚ Delphi ʠ Java ʠ ʪʘʢ ʜʘʣʝʝ. 

ʆʪʦʙʨʘʞʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ ʚ ʵʢʨʘʥʝ ʵʢʨʘʥʘ ʚ ʚʠʜʝ ʛʨʘʬʠʯʝʩʢʦʛʦ ʦʙʲʝʢʪʘ 

ʛʨʘʬʠʢʠ, ʛʝʦʤʝʪʨʠʯʝʩʢʦʡ ʬʠʛʫʨʳ, ʠʟʦʙʨʘʞʝʥʠʷ ʠ ʪʘʢ ʜʘʣʝʝ ʥʘʟʳʚʘʝʪʩʷ ʢʦʤʧʴʶ-

ʪʝʨʥʦʡ ʛʨʘʬʠʢʦʡ. ɺ ʧʨʦʮʝʩʩʝ ʨʝʰʝʥʠʷ ʟʘʜʘʯ ʚ ʢʦʤʧʴʶʪʝʨʝ ʧʦ ʧʨʦʛʨʘʤʤʝ ʤʘʰʠʥ-

ʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ ʬʦʨʤʠʨʫʝʪʩʷ ʨʝʟʫʣʴʪʘʪ, ʢʦʪʦʨʳʡ ʚʧʦʩʣʝʜʩʪʚʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʧʨʠʥʷʪʠʷ ʨʝʰʝʥʠʡ. 
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ɿʘʢʣʶʯʝʥʠʝ 

ʉʦʚʨʝʤʝʥʥʦʝ ʨʘʟʚʠʪʠʝ ʯʝʣʦʚʝʯʝʩʪʚʘ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʭʦʜʦʤ ʦʪ ʧʨʦʤʳʰ-

ʣʝʥʥʦʛʦ ʦʙʱʝʩʪʚʘ ʢ ʠʥʬʦʨʤʘʮʠʦʥʥʦʤʫ, ʛʜʝ ʦʩʥʦʚʥʦʡ ʧʨʝʜʤʝʪ ʩʦʙʩʪʚʝʥʥʦʩʪʠ 

ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ. 

ʀʥʬʦʨʤʘʪʠʢʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʥʷʪʠʝ ʠʥʬʦʨʤʘʮʠʠ ʢʘʢ ʟʥʘʥʠʝ ʯʝʣʦʚʝʢʘ, 

ʢʦʪʦʨʦʝ ʦʥ ʧʦʣʫʯʘʝʪ ʦʪ ʦʢʨʫʞʘʶʱʝʛʦ ʤʠʨʘ, ʠ ʢʦʪʦʨʦʝ ʦʥ ʨʝʘʣʠʟʫʝʪ ʧʨʠ ʧʦʤʦʱʠ 

ʚʳʯʠʩʣʠʪʝʣʴʥʳʭ ʪʝʭʥʦʣʦʛʠʡ. ɹʦʣʴʰʦʡ ʦʙʲʝʤ ʠʥʬʦʨʤʘʮʠʠ ʥʘʢʦʧʣʝʥ ʚ ʤʠʨʝ, 

ʦʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦ ʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ ʤʦʞʥʦ ʣʠʰʴ ʧʨʠ ʧʦʤʦʱʠ ʥʦʚʳʭ ʠʥʬʦʨ-

ʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡ ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʉ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʧʦʷʚʠʣʠʩʴ ʢʦʤʧʴʶʪʝʨʳ ʠʣʠ, ʢʘʢ ʚʥʘʯʘʣʝ ʠʭ ʥʘʟʳʚʘʣʠ, 

ʕɺʄ, ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʷʚʠʣʠʩʴ ʩʨʝʜʩʪʚʘʤʠ ʦʙʨʘʙʦʪʢʠ ʮʠʬʨʦʚʳʭ ʜʘʥʥʳʭ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ, ʦʩʦʙʝʥʥʦ ʚ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʘ ʇʂ, ʢʦʤʧʴʶʪʝʨʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʭʨʘʥʠʪʴ, 

ʦʙʨʘʙʘʪʳʚʘʪʴ, ʧʝʨʝʜʘʚʘʪʴ ʠ ʠʩʢʘʪʴ ʪʝʢʩʪʦʚʫʶ, ʯʠʩʣʦʚʫʶ, ʠʟʦʙʨʘʟʠʪʝʣʴʥʫʶ, ʟʚʫ-

ʢʦʚʫʶ, ʚʠʜʝʦʠʥʬʦʨʤʘʮʠʶ. ʉ ʤʦʤʝʥʪʘ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʧʝʨʚʳʭ ʢʦʤʧʴʶʪʝʨʦʚ ʜʣʷ 

ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ. 

ʇʨʦʮʝʩʩʦʨ ʢʦʤʧʴʶʪʝʨʘ ʚʳʧʦʣʥʷʝʪ ʦʙʨʘʙʦʪʢʫ ʠʥʬʦʨʤʘʮʠʠ ʚʦʩʧʨʦʠʟʚʝʜʝ-

ʥʠʝʤ, ʧʨʝʦʙʨʘʟʦʚʘʥʠʝʤ, ʧʝʨʝʜʘʯʝʡ, ʟʘʧʠʩʴʶ ʥʘ ʚʥʝʰʥʠʝ ʥʦʩʠʪʝʣʠ. ʇʨʠ ʧʦʤʦʱʠ 

ʢʦʤʧʴʶʪʝʨʘ ʤʦʞʥʦ ʩʦʟʜʘʚʘʪʴ ʠ ʭʨʘʥʠʪʴ ʥʦʚʳʝ ʜʘʥʥʳʝ ʣʶʙʳʭ ʪʠʧʦʚ, ʜʣʷ ʵʪʦʛʦ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʣʷ ʢʦʤʧʴʶʪʝʨʦʚ ʠ ʫʩʪʨʦʡʩʪʚʘ ʜʣʷ ʚʚʦʜʘ 

ʜʘʥʥʳʭ. 

ʆʩʦʙʳʡ ʚʠʜ ʠʥʬʦʨʤʘʮʠʠ ʩʝʡʯʘʩ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʠʥʬʦʨʤʘʮʠʶ, ʧʨʝʜʩʪʘʚʣʝʥ-

ʥʫʶ ʚ ʛʣʦʙʘʣʴʥʦʡ ʩʝʪʠ- ʀʥʪʝʨʥʝʪ. ɿʜʝʩʴ ʧʨʠʤʝʥʷʶʪʩʷ ʦʩʦʙʳʝ ʤʝʪʦʜʳ ʭʨʘʥʝʥʠʷ 

ʠ ʦʙʨʘʙʦʪʢʠ ʠʥʬʦʨʤʘʮʠʠ ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ, ʧʦʠʩʢʘ, ʧʝʨʝʜʘʯʠ ʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʠʥʬʦʨʤʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ ʨʘʙʦʪʳ ʩ ʨʘʟʥʳʤʠ ʚʠʜʘʤʠ ʜʘʥʥʳʭ. 

ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʧʦʩʪʦʷʥʥʦ ʩʦʚʝʨʰʝʥʩʪʚʫʝʪʩʷ, ʦʙʝʩʧʝʯʠʚʘʷ ʢʦʣʣʝʢ-

ʪʠʚʥʦʝ ʦʙʱʝʥʠʝ ʩ ʠʥʬʦʨʤʘʮʠʝʡ ʣʶʙʦʛʦ ʪʠʧʘ. 
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ʀʅʉʊʈʋʄɽʅʊɸʈʀʁ ɼʃʗ ʄʆɼɽʃʀʈʆɺɸʅʀʗ ɼʀʅɸʄʀʂʀ 

ʄɽʍɸʊʈʆʅʅʓʍ ɸɺʊʆʄɸʊʀɿʀʈʆɺɸʅʅʓʍ ʉʀʉʊɽʄ 

ʃʦʨʝʥʮ ɼʤʠʪʨʠʡ ɺʘʜʠʤʦʚʠʯ 

ʤʘʛʠʩʪʨʘʥʪ,  
ʢʘʬʝʜʨʘ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, 
ʋʨʘʣʴʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 

ʈʌ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 
E-mail: pit.pitov@mail.ru 

 

ɸʅʅʆʊɸʎʀʗ 

ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚʦʧʨʦʩʳ ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʷ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʝʭʘʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʚ ʫʩʣʦʚʠʷʭ ʩʦʚʨʝʤʝʥʥʦʡ 

ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ. ʇʨʦʚʦʜʠʪʩʷ ʘʥʘʣʠʟ ʜʦʩʪʫʧʥʦʛʦ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝ-

ʯʝʥʠʷ, ʪʨʝʙʫʝʤʦʛʦ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʝʭʘʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʆʙʦʩʥʦʚʳʚʘʝʪʩʷ ʚʳʙʦʨ ʙʘʟʦʚʦʛʦ ʦʪʝʯʝʩʪʚʝʥʥʦʛʦ ʧʘʢʝʪʘ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ 

ʤʝʭʘʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. 

 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʦʤʧʴʶʪʝʨʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝ-

ʥʠʝ, ʜʠʥʘʤʠʢʘ, ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, MATLAB, ʠʤʧʦʨʪʦʟʘʤʝʱʝʥʠʝ, ʧʘʢʝʪ 

SimInTech. 

 

ɺ ʩʚʷʟʠ ʩ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʪʨʦʥʥʳʭ ʤʦʜʫʣʝʡ ʠ ʨʦʙʦʪʦʪʝʭʥʠ-

ʯʝʩʢʠʭ ʢʦʤʧʣʝʢʩʦʚ ʧʨʦʙʣʝʤʘ ʦʧʠʩʘʥʠʷ ʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ ʜʠʥʘʤʠʢʠ ʦʩʪʘʝʪʩʷ 

ʘʢʪʫʘʣʴʥʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʧʦʜʭʦʜʦʚ ʢ ʫʧʨʘʚʣʝʥʠʶ 

ʠʩʧʦʣʥʠʪʝʣʴʥʳʤʠ ʤʦʜʫʣʷʤʠ ʚʳʜʚʠʛʘʶʪʩʷ ʥʦʚʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤ 

ʤʦʜʝʣʷʤ ʧʨʠʚʦʜʦʚ ʩ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʧʝʨʝʜʘʯʘʤʠ ʠ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʵʪʠʭ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʦʩʥʦʚʘʥʦ ʥʘ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ ʜʠʥʘʤʠʢʠ ʪʘʢʠʭ ʫʩʪʨʦʡʩʪʚ ʠ ʩʚʷʟʘʥʦ ʩ 

ʙʦʣʴʰʠʤ ʦʙʲʝʤʦʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʉʨʦʢʠ ʠ ʢʘʯʝʩʪʚʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʘʥʳ ʩ ʘʜʝʢʚʘʪʥʦʩʪʴʶ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʦʧʠʩʘʥʠʷ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʠʥʩʪʨʫ-

ʤʝʥʪʘ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʤʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʠʥʘʤʠʢʠ ʜʚʠ-

ʞʫʱʠʭʩʷ ʦʙʲʝʢʪʦʚ ʜʦʩʪʘʪʦʯʥʦ ʨʘʟʨʘʙʦʪʘʥʦ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ 
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ʤʦʜʝʣʠ ʚ ʚʠʜʝ ʩʠʩʪʝʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳ, ʘʣʛʦʨʠʪ-

ʤʠʯʝʩʢʘʷ ʠ ʧʨʦʛʨʘʤʤʥʘʷ ʨʝʘʣʠʟʘʮʠʷ ʪʘʢʠʭ ʤʦʜʝʣʝʡ ʨʘʟʨʘʙʦʪʘʥʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʴʰʝ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʪʩʫʪʩʪʚʫʝʪ ʜʦʩʪʦʚʝʨʥʦ ʧʦʜʪʚʝʨʞʜʝʥʥʦʝ ʧʨʦʛʨʘʤʤʥʦʝ 

ʦʙʝʩʧʝʯʝʥʠʝ ʜʣʷ ʩʦʟʜʘʥʠʷ ʮʠʬʨʦʚʳʭ ʜʚʦʡʥʠʢʦʚ ʤʝʭʘʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʩʠʩʪʝʤ. ɺʚʠʜʫ ʩʣʦʞʥʦʡ ʧʦʣʠʪʠʢʦ-ʵʢʦʥʦʤʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʠ ʚ ʈʦʩʩʠʠ ʚʦʟ-

ʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʇʆ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʦʪʚʝʯʘʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʤʝʭʘʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ. ʇʦʵʪʦʤʫ ʩʦʟʜʘʥʠʝ 

ʵʬʬʝʢʪʠʚʥʳʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʩʪʘʸʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʩʨʝʜʩʪʚ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʝ ʪʦʣʴʢʦ ʦʧʝʨʘʪʠʚ-

ʥʦʩʪʴʶ (ʩʢʦʨʦʩʪʴʶ ʠ ʪʦʯʥʦʩʪʴʶ ʨʘʩʯʝʪʦʚ), ʥʦ ʠ ʫʜʦʙʩʪʚʦʤ ʠ ʧʨʦʩʪʦʪʦʡ ʧʦʜ-

ʛʦʪʦʚʢʠ ʟʘʜʘʯʠ ʢ ʨʝʰʝʥʠʶ, ʪʦ ʝʩʪʴ ʩʦʩʪʘʚʣʝʥʠʷ ʧʨʦʛʨʘʤʤʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʚʩʝ ʯʘʱʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʨʝʜʩʪʚʘ ʘʚʪʦʤʘʪʠʟʘʮʠʠ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʩʦʩʪʘʚʣʷʪʴ ʧʨʦʛʨʘʤʤʫ ʠʟ ʩʪʘʥʜʘʨʪʥʳʭ ʙʣʦʢʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʘʛʣʷʜʥʳʭ ʛʨʘʬʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʥʘʟʳʚʘʝʪʩʷ ʚʠʟʫʘʣʴʥʳʤ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝʤ ʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʥʪʝʨʘʢʪʠʚʥʦʤ ʩʦʟʜʘʥʠʠ ʛʨʘʬʠʯʝʩʢʦʡ ʩʭʝʤʳ 

ʤʦʜʝʣʠ ʠʟ çʢʚʘʜʨʘʪʦʚè, ʩʦʝʜʠʥʝʥʥʳʭ ʣʠʥʠʷʤʠ ʩʚʷʟʠ. [1] 

ɺ ʜʘʥʥʦʡ ʩʪʘʪʴʝ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʨʫʙʝʞʥʳʭ ʘʥʘʣʦʛʦʚ ʜʣʷ ʤʦʜʝʣʠʨʦ-

ʚʘʥʠʷ ʤʝʭʘʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʧʘʢʝʪ Simulink ʇʆ 

Matlab. ʕʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʪʘʨʝʡʰʠʭ ʧʨʦʛʨʘʤʤ 

ʜʣʷ ʩʠʩʪʝʤ ʘʚʪʦʤʘʪʠʟʘʮʠʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʆʥ ʦʩʥʦʚʘʥ ʥʘ ʨʘʩʰʠ-

ʨʝʥʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʠ ʧʨʝʜʩʪʘʚʣʝʥʠʠ ʤʘʪʨʠʯʥʳʭ ʦʧʝʨʘʮʠʡ. 

ɺʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʩʧʝʮʠʘʣʴʥʳʭ ʥʘʙʦʨʦʚ ʠʥ-

ʩʪʨʫʤʝʥʪʦʚ (toolbox) ʧʦʤʦʛʘʝʪ ʨʘʩʰʠʨʠʪʴ ʬʫʥʢʮʠʠ Matlab. ʆʥʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʩʦʙʦʡ ʥʘʙʦʨ ʬʫʥʢʮʠʡ, ʥʘʧʠʩʘʥʥʳʭ ʥʘ ʷʟʳʢʝ Matlab ʜʣʷ ʨʝʰʝʥʠʷ ʩʧʝʮʠʘʣʠʟʠ-

ʨʦʚʘʥʥʳʭ ʟʘʜʘʯ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʦʩʪʘʚ Matlab ʚʭʦʜʠʪ ʙʠʙʣʠʦʪʝʢʘ ʚʠʟʫʘʣʴʥʦʛʦ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʷ Simulink. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʦʩʪʨʦʠʪʴ ʣʦʛʠʯʝʩʢʫʶ ʩʭʝʤʫ 

ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʙʣʦʢʦʚ. ɿʘʢʦʥʯʠʚ 

ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʩʭʝʤʳ, ʤʦʞʥʦ ʜʝʪʘʣʴʥʦ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʝʝ ʨʘʙʦʪʫ. ɿʥʘʯʝʥʠʷ 



36 

 

ʧʘʨʘʤʝʪʨʦʚ, ʩʠʛʥʘʣʳ ʠ ʘʪʨʠʙʫʪʳ ʩʭʝʤʳ ʦʪʦʙʨʘʞʘʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʩʘʤʦʡ 

ʩʭʝʤʝ ʠʣʠ ʚʚʦʜʷʪʩʷ ʩ ʪʝʢʩʪʦʚʦʡ ʢʦʥʩʦʣʠ. 

ʆʩʥʦʚʥʘʷ ʙʠʙʣʠʦʪʝʢʘ ʩʠʩʪʝʤʳ Simulink ʩʦʜʝʨʞʠʪ ʩʣʝʜʫʶʱʠʝ ʨʘʟʜʝʣʳ: 

ʙʣʦʢʠ ʘʥʘʣʦʛʦʚʳʭ (Continuous), ʥʝʣʠʥʝʡʥʳʭ (Discontinuous), ʜʠʩʢʨʝʪʥʳʭ (Discrete) 

ʵʣʝʤʝʥʪʦʚ; ʦʧʨʝʜʝʣʝʥʠʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʦʧʝʨʘʮʠʡ MathOperations; ʙʣʦʢʠ ʠʩ-

ʪʦʯʥʠʢʦʚ (Sources) ʠ ʦʪʦʙʨʘʞʝʥʠʷ (Sinks) ʩʠʛʥʘʣʦʚ, ʧʦʨʪʦʚ ʠ ʧʦʜʩʠʩʪʝʤ (Port & 

Subsystems), ʘ ʪʘʢʞʝ ʤʘʨʰʨʫʪʠʟʘʮʠʠ (Signal Routing), ʪʘʙʣʠʯʥʳʭ ʬʫʥʢʮʠʡ (Look-

Up Tables); ʙʣʦʢʠ ʧʨʦʚʝʨʢʠ ʩʚʦʡʩʪʚ ʩʠʛʥʘʣʘ (Model Verification); ʙʣʦʢʠ ʥʘʩʪʨʦʡʢʠ 

ʩʚʦʡʩʪʚ ʩʠʛʥʘʣʘ (Signal Attributes). Simulink Matlab ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

ʈʠʩʫʥʦʢ 1. Simulink Matlab 

 

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚ Simulink ʧʦʣʴʟʦʚʘʪʝʣʴ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʫʶ ʧʘʣʠʪʨʫ ʤʝʪʦʜʦʚ ʨʝʰʝʥʠʷ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʫʨʘʚʥʝʥʠʡ, ʘ ʪʘʢʞʝ 

ʚʳʙʠʨʘʪʴ ʤʝʪʦʜ ʠʟʤʝʥʝʥʠʷ ʤʦʜʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ (ʩ ʬʠʢʩʠʨʦʚʘʥʥʳʤ ʠʣʠ ʧʝʨʝʤʝʥ-

ʥʳʤ ʰʘʛʦʤ), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʣʷ ʰʠʨʦʢʦʛʦ ʢʨʫʛʘ ʩʠʩʪʝʤ, 

ʚʢʣʶʯʘʷ ʥʝʧʨʝʨʳʚʥʳʝ, ʜʠʩʢʨʝʪʥʳʝ ʠ ʛʠʙʨʠʜʥʳʝ ʩʠʩʪʝʤʳ ʣʶʙʦʡ ʨʘʟʤʝʨʥʦʩʪʠ. 

ʉʨʝʜʩʪʚʘ ʚʠʟʫʘʣʠʟʘʮʠʠ ʧʦʟʚʦʣʷʶʪ ʩʣʝʜʠʪʴ ʟʘ ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʠʩʭʦʜʷʱʠʤʠ ʚ 

ʩʠʩʪʝʤʝ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʧʨʠʙʦʨʳ ʥʘʙʣʶʜʝʥʠʷ, ʚʭʦʜʷʱʠʝ 

ʚ ʩʦʩʪʘʚ ʙʠʙʣʠʦʪʝʢʠ Simulink. ʈʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚ-

ʣʝʥʳ ʚ ʚʠʜʝ ʛʨʘʬʠʢʦʚ ʠʣʠ ʪʘʙʣʠʮ. 
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ʅʝʜʦʩʪʘʪʢʠ Matlab/Simulink ʷʚʣʷʶʪʩʷ ʦʙʱʠʤʠ ʜʣʷ ʚʩʝʭ ʠʥʩʪʨʫʤʝʥʪʦʚ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ. ʂʘʢ ʠ ʚʦ ʚʩʝʭ ʧʦʜʦʙʥʳʭ ʧʘʢʝʪʘʭ, ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʩʣʦʞʥʳʭ ʤʦʜʝʣʝʡ ʧʨʠʭʦʜʠʪʩʷ ʩʪʨʦʠʪʴ ʜʦʚʦʣʴʥʦ ʛʨʦʤʦʟʜʢʠʝ ʤʥʦʛʦʫʨʦʚʥʝʚʳʝ 

ʙʣʦʢ-ʩʭʝʤʳ, ʥʝ ʦʪʨʘʞʘʶʱʠʝ ʝʩʪʝʩʪʚʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʠʨʫʝʤʦʡ ʩʠʩʪʝʤʳ. 

ʏʘʩʪʠʯʥʦ ʵʪʦʪ ʦʙʱʠʡ ʥʝʜʦʩʪʘʪʦʢ ʧʘʢʝʪʦʚ ʩʪʨʫʢʪʫʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʫʩʪʨʘ-

ʥʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʣʦʞʝʥʠʡ, ʨʝʘʣʠʟʫʶʱʠʭ ʧʨʠʥʮʠʧ ʬʠʟʠʯʝʩʢʦʛʦ ʤʥʦʛʦ-

ʜʦʤʝʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ, ʪʘʢʠʭ ʢʘʢ SimMechanics (ʤʝʭʘʥʠʢʘ ʪʚʝʨʜʦʛʦ ʪʝʣʘ), 

SimPowerSystems (ʩʠʣʦʚʳʝ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʩʠʩʪʝʤʳ), AeroSpace 

(ʜʠʥʘʤʠʢʘ ʧʦʣʝʪʘ ʚ ʘʪʤʦʩʬʝʨʝ). ʠ ʢʦʩʤʦʩ), Control Design and Design Optimization 

(ʨʘʟʨʘʙʦʪʢʘ, ʥʘʩʪʨʦʡʢʘ ʠ ʦʧʪʠʤʠʟʘʮʠʷ ʩʠʩʪʝʤ ʫʧʨʘʚʣʝʥʠʷ), ʧʨʝʜʦʩʪʘʚʣʷʶʱʘʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʠʷ ʤʦʜʝʣʝʡ ʦʯʝʥʴ ʰʠʨʦʢʦʛʦ ʢʣʘʩʩʘ ʩʠʩʪʝʤ [2]. 

Simulink ʚ ʯʠʩʪʦʤ ʚʠʜʝ ʥʝ ʚʩʝʛʜʘ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʢʦʥʢʨʝʪʥʳʝ ʧʦʣʴʟʦʚʘ-

ʪʝʣʴʩʢʠʝ ʟʘʜʘʯʠ, ʚʦʟʥʠʢʘʶʱʠʝ ʧʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʪʝʭʥʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʩʪʘʥʜʘʨʪʥʦʡ ʤʦʜʝʣʠ ʩʫʭʦʛʦ ʪʨʝʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʫʧʦʨʦʚ ʠ ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʥʝʣʠʥʝʡʥʦʩʪʝʡ, ʠʛʨʘʶʱʠʭ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʧʨʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʪʦʯʥʳʭ ʩʠʩʪʝʤ. [3] 

1.4. SimInTech ï ʨʦʩʩʠʡʩʢʘʷ ʩʠʩʪʝʤʘ ʤʦʜʝʣʴʥʦʛʦ ʧʨʦʝʢʪʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ 

ʘʚʪʦʤʘʪʠʯʝʩʢʦʛʦ ʫʧʨʘʚʣʝʥʠʷ (ʉɸʋ). ʇʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ SimInTech 

ʩʦʩʪʦʠʪ ʠʟ ʛʨʘʬʠʯʝʩʢʦʡ ʩʨʝʜʳ ʨʘʟʨʘʙʦʪʢʠ ʠ ʩʠʩʪʝʤʳ ʚʳʧʦʣʥʝʥʠʷ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ NordWind. SimInTech ï ʵʪʦ ʩʨʝʜʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʤʦʜʝʣʝʡ, 

ʠʥʪʝʨʬʝʡʩʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠ ʘʣʛʦʨʠʪʤʦʚ ʫʧʨʘʚʣʝʥʠʷ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʘʥʘʣʦʛʦʚ, ʵʪʦ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʤʝʥʝʝ ʟʘʪʨʘʪʥʦ ʧʦ 

ʨʝʩʫʨʩʘʤ ʧʝʨʩʦʥʘʣʴʥʦʛʦ ʢʦʤʧʴʶʪʝʨʘ ʠ ʧʦʟʚʦʣʷʝʪ ʧʨʦʠʟʚʦʜʠʪʴ ʠʥʜʠʚʠʜʫʘʣʴʥʫʶ 

ʥʘʩʪʨʦʡʢʫ ʙʣʦʢ-ʩʭʝʤ, ʯʪʦ ʫʚʝʣʠʯʠʚʘʝʪ ʚʦʟʤʦʞʥʦʩʪʠ ʛʠʙʢʦʡ ʥʘʩʪʨʦʡʢʠ ʩʠʩʪʝʤʳ 

ʜʣʷ ʨʘʟʨʘʙʦʪʯʠʢʦʚ. 

SimInTech ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʘʥʘʣʠʟʘ ʥʝʩʪʘʮʠʦʥʘʨʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʲʝʢʪʘʭ ʫʧʨʘʚʣʝʥʠʷ. ʇʨʠʣʦʞʝʥʠʝ ʧʦʟʚʦʣʷʝʪ ʨʝʰʘʪʴ ʟʘʜʘʯʠ 

ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʵʥʝʨʛʝʪʠʢʠ, ʘ ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʘ, ʥʝʬʪʠ ʠ ʛʘʟʘ ʠ ʜʨ. [4] 

ɼʣʷ ʩʦʟʜʘʥʠʷ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ SimInTech ʩʦʜʝʨʞʠʪ ʙʠʙʣʠʦ-

ʪʝʢʠ ʜʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ: ʵʣʝʢʪʨʦʧʨʠʚʦʜʦʚ, ʤʝʭʘʥʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, 
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ʛʠʜʨʘʚʣʠʯʝʩʢʠʭ ʠ ʧʥʝʚʤʘʪʠʯʝʩʢʠʭ ʩʠʣʦʚʳʭ ʤʘʰʠʥ, ʪʝʧʣʦʛʠʜʨʘʚʣʠʢʠ, ʧʥʝʚʤʘ-

ʪʠʢʠ, ʙʘʣʣʠʩʪʠʢʠ ʢʦʩʤʠʯʝʩʢʠʭ ʠ ʣʝʪʘʪʝʣʴʥʳʭ ʘʧʧʘʨʘʪʦʚ ʚ ʘʪʤʦʩʬʝʨʝ, ʘ ʪʘʢʞʝ 

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʮʝʧʝʡ. 

SimInTech ï ʨʦʩʩʠʡʩʢʠʡ ʧʨʦʜʫʢʪ ʩ ʭʦʨʦʰʝʡ ʙʘʟʦʡ ʧʦʤʦʱʠ ʦʪ ʨʘʟʨʘʙʦʪ-

ʯʠʢʦʚ. ʅʘ ʜʘʥʥʳʡ ʤʦʤʝʥʪ SimInTech ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʦʩʭʦʜʠʪ Simulink ʧʦ 

ʙʳʩʪʨʦʜʝʡʩʪʚʠʶ (ʩʢʦʨʦʩʪʴ ʟʘʧʫʩʢʘ SimInTech, ʨʘʩʯʝʪʘ ʩʭʝʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʠ 

ʪ.ʜ. ʚʦ ʤʥʦʛʦ ʨʘʟ ʙʳʩʪʨʝʝ, ʯʝʤ Simulink). ʅʝʤʘʣʦʚʘʞʥʦ ʠ ʪʦ, ʯʪʦ ʜʣʷ ʨʝʰʝʥʠʷ ʙʦʣʝʝ-

ʤʝʥʝʝ ʚʘʞʥʳʭ ʟʘʜʘʯ ʥʝʦʙʭʦʜʠʤʦ ʦʙʨʘʱʘʪʴʩʷ ʢ ʨʘʟʨʘʙʦʪʯʠʢʘʤ ʧʨʦʛʨʘʤʤʥʦʛʦ 

ʦʙʝʩʧʝʯʝʥʠʷ. ʀʥʪʝʨʬʝʡʩ SimInTech ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 2. 

 

 

ʈʠʩʫʥʦʢ 2. ʀʥʪʝʨʬʝʡʩ SimInTech 

 

2. ʇʨʦʚʝʨʢʘ SimInTech ʥʘ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʤʝʭʘʪʨʦʥʥʳʭ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥ-

ʥʳʭ ʩʠʩʪʝʤ. 

ʇʦ ʩʪʝʧʝʥʠ ʠʥʪʝʛʨʘʮʠʠ ʦʩʥʦʚʥʳʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʤʝʭʘʪʨʦʥʥʳʭ 

ʩʠʩʪʝʤ ʜʝʣʷʪʩʷ ʥʘ ʤʦʜʫʣʠ ʜʚʠʞʝʥʠʷ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʤʦʜʫʣʠ ʜʚʠʞʝʥʠʷ ʠ 

ʤʝʭʘʪʨʦʥʥʳʝ ʤʦʜʫʣʠ ʜʚʠʞʝʥʠʷ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʜʝʤʦʥʩʪʨʠʨʫʝʪʩʷ ʩʠʥʪʝʟ ʢʦʥʪʨʦʣʣʝʨʦʚ ʚ ʨʦʙʦʪʠʟʠʨʦʚʘʥ-

ʥʦʡ ʩʠʩʪʝʤʝ ʩʝʨʚʦʧʨʠʚʦʜʘ ʧʦʩʪʦʷʥʥʦʛʦ ʪʦʢʘ. ɺ ʨʦʙʦʪʠʟʠʨʦʚʘʥʥʳʭ ʩʠʩʪʝʤʘʭ ʜʦ-

ʚʦʣʴʥʦ ʯʘʩʪʦ ʜʚʠʛʘʪʝʣʴ ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥ ʩ ʠʩʧʦʣʥʠʪʝʣʴʥʳʤ ʤʝʭʘʥʠʟʤʦʤ (ʙʝʟ 

ʨʝʜʫʢʪʦʨʘ). ʊʘʢʦʡ ʩʣʫʯʘʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʥʠʞʝ. [4] 
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ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʦʜʥʦʛʦ ʟʚʝʥʘ ʨʦʙʦʪʘ ʠʤʝʝʪ ʚʠʜ: 

 

ὐ Ὧ Ὥ̠ ὓ̎                                                   (1) 

 

ὓ̎ ˞ύ ὅÓÉÎ—                                             (2) 

 

ʛʜʝ J ï ʩʫʤʤʘʨʥʳʡ ʤʦʤʝʥʪ ʠʥʝʨʮʠʠ ʨʦʪʦʨʘ ʜʚʠʛʘʪʝʣʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʟʚʝʥʘ 

ʨʦʙʦʪʘ, i  ̫ï ʪʦʢ ʷʢʦʨʷ, ˿ ύ᷿ Ὠὸï ʫʛʦʣ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʨʦʙʦʪʘ. 

ʊʦʢ ʷʢʦʨʷ ɼʇʊ ʥʘʭʦʜʠʪʩʷ ʠʟ ʫʨʘʚʥʝʥʠʷ: 

 

Ὕ̠ ̠ Ὥ̠
̠
ύ ̠

̠
                                           (3) 

 

ʉʭʝʤʘ, ʧʦʷʩʥʷʶʱʘʷ ʨʘʙʦʪʫ ʫʩʪʨʦʡʩʪʚʘ, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 3.[5] 

 

 

ʈʠʩʫʥʦʢ 3. ʉʭʝʤʘ ʨʦʙʦʪʘ 

 

ʇʦ ʫʨʘʚʥʝʥʠʷʤ (1), (2), (3) ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʦʙʲʝʢʪʘ ʫʧʨʘʚʣʝʥʠʷ, ʩʦʩʪʦʷʱʘʷ 

ʠʟ ʜʚʠʛʘʪʝʣʷ ʤʦʱʥʦʩʪʴʶ 0,45 ʢɺʪ ʠ ʟʚʝʥʘ ʨʦʙʦʪʘ. ʄʦʜʝʣʴ ʟʚʝʥʘ ʨʦʙʦʪʘ ʠ ʧʝʨʝ-

ʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʟʚʝʥʘ ʨʦʙʦʪʘ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4. 
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ʈʠʩʫʥʦʢ 4. ʄʦʜʝʣʴ ʟʚʝʥʘ ʨʦʙʦʪʘ ʠ ʧʝʨʝʭʦʜʥʦʡ ʧʨʦʮʝʩʩ ʟʚʝʥʘ ʨʦʙʦʪʘ  

ʧʦ ʫʧʨʘʚʣʝʥʠʶ 

 

ʇʝʨʝʭʦʜʥʳʡ ʧʨʦʮʝʩʩ ʚ ʩʠʩʪʝʤʝ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʨʦʙʦʪʘ ʧʨʠ ʉ1 = 0,1, 

ʉ2 = 3,2. ʆʙʨʘʪʠʪʝ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʤʦʤʝʥʪ ʥʘʛʨʫʟʢʠ ʨʦʙʦʪʘ ʫʯʠʪʳʚʘʝʪʩʷ ʚ ʧʝʨʝ-

ʜʘʪʦʯʥʦʡ ʬʫʥʢʮʠʠ. ʇʨʠʚʝʜʝʥʥʳʡ ʧʨʠʤʝʨ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʚʠʛʘʪʝʣʴ ʩ ʫʯʝʪʦʤ 

ʥʘʛʨʫʟʢʠ ʥʘ ʝʛʦ ʚʘʣ ʤʦʞʝʪ ʩʪʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʢʦʣʝʙʘʪʝʣʴʥʳʤ ʜʠʥʘʤʠʯʝʩʢʠʤ 

ʟʚʝʥʦʤ ʩ ʥʝʜʦʧʫʩʪʠʤʳʤ ʧʝʨʝʨʝʛʫʣʠʨʦʚʘʥʠʝʤ ʚ ʟʚʝʥʝ ʨʦʙʦʪʘ. ʆʪʤʝʪʠʤ, ʯʪʦ ʚʨʝʤʷ 

ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 6 ʩ. ʅʝʦʙʭʦʜʠʤʦ ʩʠʥʪʝʟʠʨʦʚʘʪʴ ʨʝʛʫʣʷ-

ʪʦʨʳ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʟʚʝʥʦʤ ʨʦʙʦʪʘ ʧʨʠ ʥʘʣʠʯʠʠ ʜʘʪʯʠʢʦʚ ʚʩʝʭ ʧʝʨʝʤʝʥʥʳʭ 

ʩʦʩʪʦʷʥʠʷ. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ 

ʈʠʩʫʥʢʝ 5. 

 

 

ʈʠʩʫʥʦʢ 5. ʉʪʨʫʢʪʫʨʥʘʷ ʩʭʝʤʘ ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 

 

ʇʦʣʥʘʷ ʤʦʜʝʣʴ ʩʠʩʪʝʤʳ ʫʧʨʘʚʣʝʥʠʷ, ʧʦʩʪʨʦʝʥʥʘʷ ʧʦ ʧʦʜʯʠʥʝʥʥʦʤʫ ʧʨʠʥ-

ʮʠʧʫ, ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 6. 
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ʈʠʩʫʥʦʢ 6. ʄʦʜʝʣʴ ʧʦʜʯʠʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ 

 

ɺ ʵʪʦʡ ʤʦʜʝʣʠ ʠʤʝʝʪʩʷ ʪʨʠ ʢʦʥʪʫʨʘ: 1) ʢʦʥʪʫʨ ʪʦʢʘ; 2) ʢʦʥʪʫʨ ʩʢʦʨʦʩʪʠ; 3) 

ʢʦʥʪʫʨ ʧʦʣʦʞʝʥʠʷ. ʀʪʦʛʦʚʘʷ ʤʦʜʝʣʴ ʨʝʛʫʣʷʪʦʨʦʚ ʚ ʩʠʩʪʝʤʝ ʫʧʨʘʚʣʝʥʠʷ ʟʚʝʥʦʤ 

ʨʦʙʦʪʘ, ʦʙʦʟʥʘʯʝʥʥʘʷ ʥʘ ʨʠʩʫʥʢʝ 6 ʢʘʢ çʉʫʙʤʦʜʝʣʴè, ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 7. [5] 

 

 

ʈʠʩʫʥʦʢ 7. ʄʦʜʝʣʴ ʨʝʛʫʣʷʪʦʨʘ ʧʦʜʯʠʥʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʫʧʨʘʚʣʝʥʠʷ ʨʦʙʦʪʦʤ 

 

ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʨʦʙʦʪʘ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ 

ʠ ʧʦ ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʨʦʙʦʪʘ ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 8. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʪʦʢʫ ʚ ʷʢʦʨʝ ʜʚʠʛʘʪʝʣʷ ʚ ʟʘʤʢʥʫʪʦʡ ʨʦʙʦʪʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʨʦʙʦʪʘ ʩ ʚʳʭʦʜʦʤ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ 

ʧʦ ʪʦʢʫ ʠ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 9. 

ʆʪʣʠʯʠʝ ʧʝʨʝʭʦʜʥʦʛʦ ʧʨʦʮʝʩʩʘ ʦʪ ʪʠʧʠʯʥʦʛʦ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʜʚʘʞʜʳ 

(ʜʣʷ ʪʦʢʦʚʦʛʦ ʢʦʥʪʫʨʘ ʠ ʜʣʷ ʩʢʦʨʦʩʪʥʦʛʦ ʢʦʥʪʫʨʘ) ʜʠʥʘʤʠʯʝʩʢʦʝ ʟʚʝʥʦ ʚʪʦʨʦʛʦ 

ʧʦʨʷʜʢʘ ʙʳʣʦ ʟʘʤʝʥʝʥʦ ʟʚʝʥʦʤ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʫʨʘʚʥʝʥʠʝʤ: 

 

                                              (4) 
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ʈʠʩʫʥʦʢ 8. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʨʦʙʦʪʘ 

ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ ʠ ʧʦ ʩʢʦʨʦʩʪʠ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʨʦʙʦʪʘ  

ʚ ʟʘʤʢʥʫʪʦʡ ʩʠʩʪʝʤʝ 

 

 

ʈʠʩʫʥʦʢ 9. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʪʦʢʫ ʚ ʷʢʦʨʝ ʜʚʠʛʘʪʝʣʷ ʚ ʟʘʤʢʥʫʪʦʡ 

ʨʦʙʦʪʦʪʝʭʥʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠ ʧʦ ʫʛʣʫ ʧʦʚʦʨʦʪʘ ʟʚʝʥʘ ʨʦʙʦʪʘ ʩ ʚʳʭʦʜʦʤ  

ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʪʦʢʫ ʠ ʩʢʦʨʦʩʪʠ 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʧʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʙʦʣʴʰʠʭ ʫʛʣʘʭ ʟʘʜʘʥʠʷ ʠ ʧʨʠ ʚʳ-

ʭʦʜʝ ʩʠʩʪʝʤʳ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʩʢʦʨʦʩʪʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 10. 

 

 

ʈʠʩʫʥʦʢ 10. ʇʝʨʝʭʦʜʥʳʝ ʧʨʦʮʝʩʩʳ ʧʦ ʩʢʦʨʦʩʪʠ ʟʚʝʥʘ ʨʦʙʦʪʘ ʩ ʚr ʭʦʜʦʤ  

ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʪʦʢʫ ʠ ʩʢʦʨʦʩʪʠ ʧʦ ʪʦʢʫ ʜʚʠʛʘʪʝʣʷ ʟʚʝʥʘ ʨʦʙʦʪʘ 

ʩ ʚʳʭʦʜʦʤ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ ʧʦ ʪʦʢʫ ʠ ʩʢʦʨʦʩʪʠ 

 

ʀʟ ʛʨʘʬʠʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʥʝʦʙʭʦʜʠʤ ʩʠʥʪʝʟ ʨʝʛʫʣʷʪʦʨʦʚ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ 

ʟʚʝʥʦʤ ʨʦʙʦʪʘ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʘʪʯʠʢʘ ʩʢʦʨʦʩʪʠ. 

ɼʣʷ ʵʪʦʛʦ ʩʣʫʯʘʷ ʨʝʘʣʠʟʫʝʤ çʪʦʢʦʚʦʡ ʢʦʨʠʜʦʨè ʩ ʧʦʤʦʱʴʶ ʨʝʣʝʡʥʦʛʦ ʢʦʥʪ-

ʨʦʣʣʝʨʘ ʚ ʮʝʧʠ ʪʦʢʘ ɼʇʊ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʮʝʧʴ ʪʦʢʘ ʤʦʞʥʦ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʢʘʢ 


